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Public Service Vehicles 


MPROVEMENT in the passenger comfort of buses 
on urban and inter-urban services is very long over- 
due. It says much for the patience and forbearance 
of the general public that the volume of protest 

against continuous jolting, discomfort, and noise, has not 
been very much greater. Further, physical ill usage is not 
limited to the road shocks transmitted by inadequate and 
out-of-date suspension systems. The various and 
assorted aural miseries are of a most unpleasant and fati- 
guing nature due to the manifest imperfections of the 
power unit. Not only does the average Diesel clatter like 
a tumbler barrel, but the mass of concomitant vibration 
sets every loose part of the vehicle dithering and drum- 
ming. Fuel consumption is good, but the power unit has 
little claim to smoothness and silence. 


A New Approach 


It is therefore a matter of considerable interest that the 
Birmingham and Midland Motor Omnibus Co. are follow- 
ing a programme of suspension experiment that promises a 
noticeable improvement in the lot of the passenger. Fol- 
lowing the announcement some time ago that an experi- 
mental independent front suspension embodying coil 
springs was undergoing test, is the release of details con- 
cerning a rubber suspension assembly fitted to the rear 
axle of a single-decker bus now on extensive service trial, 
and evolved in conjunction with Metalastik, Ltd. A 
detailed description of this installation appears elsewhere 
in this issue. 

As the suspension at present fitted has a similar rate to 
that which it replaces, the improvement observed is largely 
due to the elimination of static friction in the conventional 
laminated spring. Nevertheless, the reduction in harsh- 
ness of riding is very noticeable, and this in itself consti- 
tutes a worthwhile forward step. Not only the passengers 
but also the bodywork as a whole appears to suffer much 
less. The rattles and creaks that are expected after quite 
a short mileage appear to have been largely eliminated. 
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Maintenance of bodywork should .therefore be greatly 
reduced, apart from the obvious advantage to the passen- 
gers in noise reduction. 

Reverting to the subject of engine noise, there is little 
doubt that the research recently concentrated on pilot in- 
jection is likely to result in a marked improvement before 
very long. The principle has, of course, been known for 
many years, but only recently have practicable methods 
been developed for applying it to small, high-speed 
engines. Doubtless the possibility of a general reduction 
in the ignition quality of fuels acted as a powerful stimulus 
to research. Should this deterioration come about, it 
remains to be seen whether pilot injection will still show 
a net gain so far as the passenger is concerned. Economic 
considerations may unfortunately tend to offset improve- 
ments on present conditions, but the undoubted need to 
reduce the existing noise level in diesel-engined vehicles 
should not be underestimated. 

There is ample justification for dissatisfaction with past 
progress in this direction. The physiological aspects of 
noise are now being rather more fully understood and 
these are now authoritatively pronounced to be much more 
destructive than was originally imagined. Opinion now 
appears to be unanimous in attributing a large share of 
city dweller neurosis and general factory fatigue to noise. 
It is unfortunate that the facts are not more generally 
available so that an overwhelming case might be made. 


Doors and Windows 


MONG the minor but irritating disabilities evidenced 
A: post-war cars, are the door and window 
troubles. In innumerable cases doors do not latch 
readily, and windows rattle, and/or stick. How 
the responsibility for this divides itself between the com- 
ponent supplier and the car manufacturer is really 
immaterial. The important point is that these troubles 
give rise to user discomfort and general damage to good 
will. Although comparatively small matters, these short- 
comings are responsible for much annoyance, and create 
widespread dissatisfaction and adverse criticism. 
G 
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Specifically, there are a number of clearly defined faults 
in locks and window winding mechanisms, and not all of 
these can be cured or even alleviated by the proverbial 
drop of oil. First, and perhaps foremost as a source of 
irritation and inconvenience is the sticking and jamming 
of window lift mechanisms. When these are of the quick- 
acting type which operate at a certain mechanical dis- 
advantage as regards leverage ratio, a very little increase 
of normal friction renders the device completely inopera- 
tive. Even a strong man making a two-handed onslaught 
is defeated, what then of the less robust users? As this 
type of actuation is commonly employed at the front 
windows where it is often necessary for the driver to 
effect a rapid opening and pop out his head, partial or 
complete jamming creates a difficult situation. 


Inaccessibility 


Despite the quite general occurrence of this sort of 
trouble, no provision whatsoever is made for attending to 
these mechanisms either in the way of applying a lubricant, 
adjusting, or otherwise attending to them. In the final 
stages when complete immovability is reached, a visit to 
the service station is entailed, with all that this implies 
in the way of frustration, waste of fuel, time, etc. Here 
the whole door trim assembly must be stripped, and to 
some degree disfigured in consequence. 

Another somewhat similar trouble which again entails 
dismantling, arises when the glass, as so frequently 
happens, becomes detached from its carrier, leading to 
misalignment and jamming on that account. Stiffness in 
varying degrees is so common to both locks and window 
winders that it is almost accepted, and the real trouble 
arises when the friction increases, as it usually does, until 
complete deadlock is reached. 

Lock troubles are mainly of two types, sticking of the 
bolt or latch mechanism, either at the bolt or handle, or 
jamming and sticking of the Yale mechanism within the 
lock itself. The system of small bolts and springs inside 
the Yale type of lock can often be freed by oil applied 
by means of the key. Oil will sometimes assist a sticking 
bolt or catch, but not always. Whatever the various and 
assorted causes, it is high time that those responsible for 
bodywork made a much more critical approach to these 
particular details. 

On most American vehicles these problems have been 
solved. The roller lock now so generally fitted is based 
on entirely different principles. Doors so fitted can be 
closed finally and solidly at a touch by mere finger 
pressure and without slamming, yet they can be opened 
very readily. The closure is nevertheless solid, non- 
rattling and can never in any normal circumstances fly 


open. In the same way, American windows go up and 
down at a touch and appear to remain operative in this 
way for the normal life of the vehicle. With the bulk of 
British vehicles, on the other hand, both locks and windows 
are definitely open to criticism, even in the almost ideal 
British usage and climate. What happens under the more 
strenuous conditions of overseas climates and conditions 
is best left to the imagination. 


Individual Research 


HAT fundamental research and investigations of a 
general character should be carried out by co- 
operative research associations, such as M.I.R.A., 
will be generally agreed. There is still, however, 

great need for research of a more specialized character on 
the part of individual organizations, for two main reasons. 
In the first place, there are physical limitations to the 
number and extent of the investigations that can be under- 
taken by co-operative associations. Inevitably many 
worthwhile projects cannot be undertaken. Secondly, a 
good deal of further development may be required before 
the results of a general investigation can be applied in 
industry. 

Most industrial managements will admit the value of 
applied research, but not all are prepared to undertake 
such work. Unfortunately, it is difficult to assess in 
advance the benefits that will accrue from development 
work. As a result, and particularly at times like these, 
there may be a reluctance to incur the heavy capital out- 
lay and the sustained expense that a research programme 
entails. In short, a good deal of faith is necessary. 

It is therefore satisfactory to note that Messrs. Rubery 
Owen and Co., Ltd., have set up an elaborate research and 
experimental department for dealing with the many 
different products the company supply to the automobile 
industry. The new department, which is briefly surveyed 
in this issue and will be described in considerable detail 
in later numbers of this journal, will without doubt make 
valuable contributions to engineering knowledge. 

The rear axle and chassis testing plant is of particular 
interest. It provides a means for the scientific determina- 
tion of matters that have hitherto been the subject of 
assumptions and conjectures. By means of this plant, 
which embodies specialized equipment by Messrs. Heenan 
and Froude, precise knowledge will be gained of the 
stresses and strains that a chassis frame and other com- 
ponents must withstand. As a result, it is hoped that 
the designer will eventually be free to employ a lower 
factor of ignorance and thus produce a lighter, more 
economical, and therefore superior product. 
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METALASTIK RUBBER SUSPENSION 


A Toggle-type Installation on the Birmingham and Midland 


Motor Omnibus Co’s Bus 


T may be remembered that the Bir- 
mingham and Midland Omnibus 
Co. have done a considerable 
amount of development work on 

independent front suspension for 
buses. They have now turned their 
attention to the rear suspension, the 
leaf springs of an orthodox layout be- 
ing replaced by rubber-sleeved toggle- 
type links supplied by Metalastik, 
Ltd. 

The application being more or less 
experimental, a standard frame and 
back axle were used and this has natur- 
ally resulted in compromise in some di- 
rections. Special brackets are, for ex- 
ample, bolted to the spring pads and 
these would, in a production design, 
be integral with the brake brackets. 

The frame cross-members have 
also been duplicated by cross-tubes 
carrying the anchored ends of the 
links bolted directly beneath them. 
This duplication would obviously not 
occur if the frame were designed in 
the first place to take the rubber sus- 
pension. 

It is important to emphasize these 
points because the first impression 
given by the assembly drawing is one 
of considerable complication, whereas 
the system is basically quite simple. 
In spite of the redundant cross-mem- 
bers, etc., the experimental layout is 
actually lighter than the chassis in its 
original form with leaf springs. In 
a production design considerable 
weight saving would be made. 

The four links, with large bonded 
rubber bushes at each end, are well 
able to take vertical load, lateral load, 
driving torque and driving thrust, with- 
out any additional 
radius or torque 
members. The 
two radius rods 
actually fitted to 
the vehicle are in- 
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Deflection of rubber suspension relative 
to the frame. 


form circumferential shear. Radial 
shear only comes in under extremes of 
deflection. Without any additional 
complication a variable rate is pro- 
vided, giving an almost constant peri- 
odicity of about 100 oscillations per 
minute over the range from no passen- 
gers to full load. This corresponds to 
a change of sprung load from 2786 to 
to 4816 lb per wheel. 

While the system gives a certain 
amount of lateral cushioning, the 
geometry is such that lateral forces 





tended to elimin- 
ate any fore-and- 
aft movement of 
the axle which 
would upset the 
existing hand- 
brake rod-work. 
Among the 
basic advantages 
of the system are 
that it carries 
nearly all the 
normal load on 
rubber in uni- 





Road wheel removed to show suspension and radius rod. 


induced by rounding a curve act to 
modify the stiffness of the suspen- 
sion and increase the roll stiffness. 

Fore-and-aft cushioning is also 
afforded to some extent, while the 
cushioning of the driving torque is 
about double that given by the Hotch- 
kiss spring mounting which it replaces. 

The greatest advantage, however, 
of any rubber suspension is the ab- 
sence of static friction. The effect 
of this is most marked during a run 
in the lightly laden vehicle over bad 
roads. While road shocks are felt, 
there is none of the harshness asso- 
ciated with stiff leaf springs, and there 
is a complete absence of the rattles 
and squeaks set up by sudden changes 
of acceleration, both vertical and 
lateral. 


Constructional details 


The basis of the suspension is the 
Metalastik Ultra Duty bush, consist- 
ing, in this instance, of a steel sleeve 
IIO mm outside diameter, brass- 
bonded within a rubber sleeve in a 
shell having a bore of 175 mm, giving 
a radial thickness of 32-5 mm, the 
length of the rubber being 100 mm. 
The bushes are assembled in pairs 
by cross-bolts passing through the 
ends of U-section links and through 
circumferential ribs formed on the 
outer shells. 

The geometrical, pin-jointed 
parallelogram thus formed is made 
into a rigid assembly by the addition 
of a diagonal tie-rod with turnbuckle 
adjustment. This adjustment rotates 
both shells and is used to apply the 
required pre-load on assembly, while 
also serving to 
take up any 
slight permanent 
set that may de- 
velop in service. 

The assembly 
forms a link hav- 
ing about I4in 
centres. Two of 
these links are 
used on each 
side, the inner 
sleeves of their 
inner ends being 
pushed on to 
stubs made inte- 
gral with a fabri- 
cated beam 
bolted to the axle 
spring-seats. The 
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Characteristic curves of suspension. 


A. Radial strain in rubber. B. Rate of existing spring. C. Load- 
D. Tangent to deflection curve at tare load (minimum 
Constant periodicity (10I per min.) . § 


deflection curve. 
rate). E. 
rubber. 


outer ends are similarly mounted on 
stubs on fabricated cross-members. 

All bushes act in torsion to carry 
the bulk of the load and all inner 
sleeves are keyed to their stubs by 
six-tongued plates entering cross-slots 
cut in the ends of the sleeves and 
stubs and secured by setscrews. The 
stubs on the axle are at about 323in 
centres and the whole assembly is, 
for small deflections, the equivalent 
of a leaf spring reaching to the centres 
of the links, i.e., about 463in long, as 
far as the resistance to braking and 
driving torque is concerned. 

In this particular vehicle the setting 
is such that the links are horizontal 
under the weight (henceforth called 
tare) of the vehicle without passen- 
gers, this setting being easily obtained 
by the turnbuckles. Under these 
conditions the whole load is taken by 
the bushes in uniform circumferen- 
tial shear, which is the most econom- 
ical way of developing the energy- 
storage capacity of rubber. 

There is in addition, a slight deflec- 
tion due to the eccentricity of the 
bushes under load, this amounting to 
only about 23 per cent of the radial 
thickness, say 3'3in per bush, or in 
per pair. Under the tare load the 
deflection of the links, with the rub- 
ber in pure shear, is about 33in. This 
is slightly more than the deflection of 
the original leaf spring under full load 
and, if allowed to continue in propor- 
tion, would give inadequate stability 


follows roughly a 
curve : — 
P= Ay-+ By’ 


.. -a .-— Where 


P is the spring 
reaction 

y is the verti- 
cal travel 

A & B are con- 
stants. 

The correct selection of these cof- 
stants gives a very close approxima- 
tion to the logarithmic constant 
periodicity law over a limited range 
of travel. 

To take an example, with an over- 
load (5,152 lb per wheel) the deflec- 
tion beyond the tare position is 2-05 
in, the load taken by pure shear is 
about 4,460 lb and a further 690 Ib 


F. Shear strain in 


- 10 mm. — 


75 mr 


Section of Metalastik Ultra Duty bush. 


is taken by the angularity of the links. 
On a bump the resistance rises more 
sharply, so that at 24in beyond the 
tare position the curve of the rubber 
suspension crosses that of the original 
leaf spring. 


Lateral location 


As may be seen from the drawing, 
the links are set at a dihedral angle of 
25 deg each to the centre line of the 
vehicle. Lateral movement of the 
chassis on the axle thus sets up addi- 
tional tensions in the links on the side 
towards which the movement is direc- 
ted (which would be the outside of a 
curve). This increase in tension, 
acting on the links assumed to be de- 
flected above the horizontal, has a 
downward component on the axle, 
giving a marked increase in the roll- 
resistance. 

The stiffness of lateral location is 
much greater than might at first be 
supposed, the bushes having a radial 
strain of about 20/1,000in for 1,000 
lb radial load. With a dihedral angle 
of 25 deg a side load of 1,000 lb sets 
up a tension of about 1,200 lb in 
each link, corresponding to an exten- 
sion of 48/1,000in in each link, since 





Suspension units, links and tie rod. 
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two bushes are concerned. This, 
divided by sin 25 deg gives 114/1,000 
in or about }in for 1,000 lb side load 
on one set of links, i.e., 2,000 lb on 
the vehicle as a whole. 

This is quite stiff enough, and may 
in fact possibly prove to be a bit too 
stiff for maximum comfort. It may 
be desirable to reduce the dihedral 
angle appreciably. 

Fore-and-aft location 


The suspension links on each side 
of the vehicle are anchored to the 
frame at both front and rear. Both 
sets of bushes therefore combine to 
resist fore-and-aft movement and the 
horizontal displacement for 1,000 lb 
driving or braking force on each side 
is therefore only about 20/1,000in— 
say ;jyin for violent braking. 

The resistance to axle torque is, 
however, less than with an ordinary 
Hotchkiss drive. The suspension is 
equivalent to a spring less than four 
feet long, which is shorter than nor- 
mal on a "bus, and is, especially under 
light load, more flexible than the 
spring it replaces. In addition the 
static friction of a leaf spring, which 
acts strongly to damp down “axle 
twitch,” is absent. 

Relatively large angular movements 
of the axle casing are therefore to be 
expected and would seriously upset 
the functioning of handbrake rod-work 
if they were not accurately located on 
the centre line of the suspension links. 
The Birmingham and Midland omni- 
bus chassis is normally fitted with 
springs above the axle and with up- 
standing levers lining up with the 
master leaf. 


It was, therefore, abso- 





lutely necessary to fit radius rods 
roughly in line with the brake rods 
to get consistent handbrake operation. 

These rods are made up of two 
strips with distance pieces, and have 
plain bushes at the ends attached to 
the axle and rubber bushes at the 
front ends, which are incidentally 
secured to the existing brackets which 
took the front ends of the original leaf 
springs. It will be understood that 
these rods must function not merely 
as radius rods but as the upper por- 
tion of a parallel-motion linkwork of 
which the suspension mechanism 
forms the lower member. Angular 
movement of the axle is thus practic- 
ally inhibited and the rods are sub- 
ject to quite considerable forces in 
resisting braking effort, multiplied by 
the leverage of about 2 to 1 of tyre 
contact to suspension centre against 
suspension centre to radius rod axis. 

It will be clear therefore that the 
suspension cannot, in this application, 
perform any useful function in cush- 
ioning the drive (in Hotchkiss 
fashion). There is therefore no point 
in spreading the links apart and they 
can, in future production designs, be 
directly attached to the axle, saving 
a considerable amount of weight. 
Where, however, the brake layout is 
such that it is not affected by “axle 
twitch” it would seem to be better 
to omit the radius rods and revert to 
the spread suspension centres. 

The curves given in the illustration 
require some elucidation. It should, 
for example, be pointed out that zero 
deflection is taken to correspond with 
the position of the suspension under 
“tare” load of 2,786 lb per wheel 


General view of suspension looking aft. 
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and the totally unloaded position cor- 
responds therefore with a negative 
figure on the curve, about — 2 inches, 
where the curve of the rubber sus- 
pension crosses that of the original 
leaf spring. 

The choice of the zero point of 
reference is determined by the fact 
that at this point the suspension 
links are horizontal, are under no ten- 
sion and are carrying the load by cir- 
cumferential shear of the rubber 
bushes only. 

A tangent drawn at this point 
brings out clearly the progressive 
stiffening as the links assurme an angle 
and the bushes are subjected to radial 
shear—it will be seen that the result- 
ant load/deflection curve is very close 
to a dotted curve showing a constant 
periodicity of 1o1 oscillations per 
minute. 

The curves of shear strain in the 
rubber are expressed as percentages 
of the radial thickness of the bush 
(about 14in). Thus at zero deflection 
the radial deflection is about 2} per 
cent or say yin, the load per bush 
being half the wheel load of 1,393 Ib. 
As the load increases the strain fol- 
lows a nearly straight line, until the 
links assume appreciable angles, 
stretching the centres and loading the 
bushes. The strain shown is then the 
resultant of the dead load combined 
with the stretching load. 

The curve makes clear that the sus- 
pension is carrying a considerable load 
when the links are horizontal—the 
parts are assembled in this position, 
the locking keys of the inner sleeves 
fitted and sufficient torsional pre-load 
is then applied to each bush to carry 
the tare load, this being very conveni- 
ently done by the turnbuckles des- 
cribed. 

Road results 

The vehicle inspected was a stand- 
ard single-deck omnibus with under- 
floor engine and normal leaf springs 
on the front axle. It had done about 
2,000 miles under test load and a fur- 
ther 8,000 miles in actual service in 
the Birmingham district. Prelimin- 
ary trials had shown that the hys- 
teresis of the rubber did not give 
sufficient damping to the suspension 
and two direct-acting Newton-Bennet 
shock absorbers were added. 

When tried on the road it was 
loaded by sandbags to represent 15 
passengers, full load being 40. Under 
these conditions the riding was re- 
markably good. On a bad road, 
shocks were certainly felt, but there 
was a complete absence of the 
“harshness ” generally associated with 
leaf springs on the stiff side. , There 
was, for example, a total absence of 
any rattles or squeaks or drumming of 
the body side panels. 
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RESEARCH AND DEVELOPMENT 


A Survey of the New Rubery Owen and Co., Ltd. Test Plant 


for Automotive Components 


INCE progress in engineering de- 
sign depends upon increased and 
more accurate knowledge of the 

factors involved, the ambitious re- 
search programme that is being under- 
taken by Rubery Owen and Co. Ltd., 
Darlaston, Staffs, is of great interest to 
the automobile industry. This pro- 
gramme will be complementary to the 
researches carried out by co-operative 
organizations such as M.I.R.A. For 
many years the various co-operative re- 
search organizations have played an 
important part in industrial develop- 
ments. They can, however, undertake 
only relatively few of the many 
desirable investigations. Furthermore, 
the investigations are generally con- 
ceived in general terms and deal with 
general principles. Therefore, there is 
still a very wide field for research on 
specific applications by individual 
organizations. 

It is for this type of specific research 
which can be quickly applied to in- 
dustrial processing, that Rubery Owen 
and Co. Ltd. have developed a large 
research and experimental department. 
As is well known, this company manu- 
factures complete rear axles, axle 
casings, chassis frames, wheels, and 
many other components for use in 
passenger cars and commercial vehicles. 
Hitherto, the design of rnany of these 
components has been based almost 
completely on empirical considerations, 
since there has been little scientific 


Fig. |. 


study of the phenomena involved. 

When design is in the main em- 
Pirical, lengthy and costly road testing 
is necessary for proving any new 
design. In addition to the length of 
time and the cost involved in road 
tests, such tests have the further 
serious disadvantage that the variables, 
which are many and complex, cannot 
be controlled. For these and other 
reasons, Mr. A. G. B. Owen decided 
that Rubery Owen and Co. Ltd. must 
develop a research laboratory in which 
all the various components that the 
company manufacture could be tested 
quickly and accurately. These facili- 
ties for testing under controlled con- 
ditions will without doubt be of the 
utmost value in design developments. 
Further, since they will deal with spe- 
cific and not general problems, they 
will always have an immediate indust- 
rial value. 

Because of the very specialized 
character of the tests on certain com- 
ponents, much of the testing equip- 
ment has been developed by the 
company’s engineers, but in other tests, 
standardized equipment will be em- 
ployed. The new laboratory is 
equipped for a wide range of research 
and development work, including :— 

(1) Dynamic tests on axles and 

chassis. 

(2) Static tests on chassis frames. 

(3) Static and dynamic tests on 

wheels. 


(4) Fatigue tests over a wide range 
of loadings and on many different 
components. 

(5) Tests on paints and other pro- 
tective finishes. 

(6)°Tests on plastics. 


Rear axle and chassis test plant 


The most important developmert in 
the laboratory is the plant for testing 
rear axles and chassis. This plant is, 
we believe, the only one of its kind. 
It should provide accurate information 
on many points that have hitherto been 
matters of assumption and conjecture. 
The detail design and construction of 
the plant has been carried out by 
Heenan and Froude Ltd., Worcester, 
in close collaboration with the Rubery 
Owen and Co. Ltd. research and ex- 
perimental staff. 

As the company manufacture back 
axles and chassis frames for all types 
of road vehicles, the plant had to be 
suitable for dealing with a wide range 
of powers and speeds. For example, 
in testing the largest back axle, the 
maximum torque at the road wheels 
will be in the order of 28,000 Ib ft, 
whereas for the smallest it will be only 
4,000 lb ft. In addition, the plant has 
been designed as a fatigue testing 
machine as well as for the accurate 
measurement of axle and chassis per- 
formance under very varied conditions 
of load and speed. 


After consideration of the many 





Generai view of the rear axle and chassis test plant. 
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Fig. 2. The Heenan and Froude dynamometer on the rear axle and chassis test plant. 


problems involved, it was decided that 
the axles should be tested for per- 
formance by transmitting power 
through them to the road wheels and 
thence to rotating drums. Fatigue 
tests will be carried out by reversing 
the drive, that is, by driving the road 
wheels from the rotating drums. 

Essentially the plant, illustrated in 
Figs. 1-7, comprises :— 

(a) A pair of fabricated steel drums, 
48in dia. x 39in wide, so mounted that 
the top of each drum is at floor level. 
The drums can be disconnected one 
from the other, or disconnected bodily 
from the rest of the plant so that they 
run free. 


(b) Two speed-varying gearboxes in 
tandem. One has a fixed ratio of 6.68 : 1. 
The other has five ratios over the range 
7.5:1 to 0.72:1. Both the gearboxes 
are arranged to increase the output 
speed in relation to the drum speed. 

(c) A Heenan and Froude dynamo- 
meter for absorbing and measuring the 
power reaching it from the axle under 
test, via the drums and gearboxes. 
Since, through the use of the gear- 
boxes, the dynamometer runs at a con- 
siderably higher speed than the drums, 
the relatively high powers involved 
when a large axle is under test can be 
absorbed by a comparatively small 
dynamometer. 
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(d) A movable A.E.C. compression- 
ignition engine and gearbox mounted 
near the floor level. This unit develops 
a maximum of 140 h.p. at 1,950 r.p.m. 
It provides the motive power for driv- 
ing the test axle. 

(e) A fixed engine, of the same 
capacity as (d) but mounted below 
floor level and coupled to the dynamo- 
meter on the side opposite from the 
gearboxes and drums. This is used 
for tests carried out by motoring the 
axle through the road wheels to simu- 
late the “over-run” conditions that 
occur in service. For such tests the 
propeller shaft from the axle is coupled 
to a D.C. generator, and by the use of 
a suitable bank of resistance the de- 
sired braking effort is applied. 

(f) A Heenan and Froude water 
cooler of sufficient capacity to supply 
the water for the dynamometer and the 
engines. This economises the use of 
water and makes the laboratory sub- 
stantially independent of outside water 
supplies. 

(g) A centralized control panel that 
carries all the instruments, gauges and 
controls, except the stress and record- 
ing apparatus. 

Either drum or both drums can be 
locked by means of friction brakes 
hydraulically operated from the control 
panel. The drums may also be coupled 
or uncoupled. This allows the rear 
axle/road wheel assembly for test to 
be readily adjusted into position. It 
also allows one drum to be held 
stationary for carrying out tests 
through the axle differential. To 
simulate bad road conditions, provision 
is made for mounting light cams on 
the drum surfaces. To withstand the 
shock forces that will occur when 
cams are used, each drum is stressed 
to withstand a load of eight tons. 





Fig. 3. The A.E.C. compression-ignition engine used for driving the rear axle. 
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The dynamometer can absorb a 
maximum of 300 h.p. It operates on 
eddy current principles under elect- 
ronic control. This has two advan- 
tages. It lends itself to remote 
operation and in addition provides use- 
ful data on load/speed characteristics. 


Measurement of chassis and 
axle performance 


While this plant, as described, allows 
tests to be carried out under strictly 
controlled conditions, it is not, in itself 
suitable for accurate quantitative de- 
terminations of results. An approximate 
indication of output torque from the 
axle may be obtained from the dyna- 
mometer readings, but the results 
would be comparative and without any 
absolute significance, since assumptions 
would have to be made for the power 
losses due to rolling resistance. It is 
known that these losses would be 
higher than on the road, owing to the 
drum curvature and consequent in- 
creased flexure of the tyres, but it 
would be very difficult, if not impos- 
sible, to determine them with any 
degree of exactitude. 

To obtain the degree of accuracy 
desired, it was necessary to devise a 
precise system for direct measurement 
of the forces involved in traction and 
torque reaction and of torque input at 
the propeller shaft. Only electronic 
methods of measurement held sufficient 
promise of success. Fortunately, 
engineers in the company’s service 
already had considerable experience in 
the development of electronic instru- 
ments and it was possible to devise and 
manufacture the necessary equipment 
in the research laboratory and experi- 
mental department. 

As a chassis frame is virtually pivot- 
ally mounted about the centre of the 
axle, accurate measurement of torque 
reaction at the axle shaft may be ob- 
tained by measuring the reactions at 
the front end of the chassis, since the 
distance between the axle centre and 
the point of measurement is known. 
Owing to the wide range of rear axle 
weights and ratings for which the test 
plant is to be used, it was not thought 
practicable to make these measure- 
ments by mechanical means. The 
apparatus used would have had to be 
sufficiently robust to withstand a load 
in terms of tons and yet be sufficiently 
sensitive to record only a few pounds. 

The difficulty of precise accurate 
measurement has been overcome by 
using specially designed loop dynamo- 
meters on which the end of the chassis 
remote from the axle is suspended. In 
addition to the two vertical loop 
dynamometers on which the chassis is 
suspended there are also two arranged 
horizontally. These serve to stabilize 
the vehicle in position on the drums 
and at the same time give some indica- 
tion of the tractive forces. 

Load readings are obtained by 


measuring by electronic means the 
strain on the internal surfaces of the 
loops. 
gauges are used. 
effected 


Wire wound resistance strain 
Measurement is 
through a_ conventional 
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Fig. 4. The apparatus for measuring input torque. 


Wheatstone bridge circuit supplied 
with a D.C. potential and the readings 
are indicated on directly-calibrated 
micro-ammeters. 

It was also necessary to devise 
special means for measuring torque in- 
put. To eliminate the undesirable 
necessity of making assumptions re- 
garding such factors as transmission 
losses in the gear box, it was decided 
to take torque input measurements 
from the propeller shaft itself. This, 
of course, eliminates all extraneous 
factors. 

Essentially, the apparatus for measur- 
ing torque input comprises air-spaced, 
serrated and meshed phase elements, 
one fixed to one end of the propeller 


Fig. 5. Static tests on a rear axle. 


shaft and the other attached to the 
opposite end by means of a light 
gauge concentric tube. A small turn- 
ing movement applied to the propeller 
shaft, results in relative radial move- 
ment between the air-spaced members 
with a consequent variation in capacity 
effect. Brush pick-ups are used for 
each member, and change in capacity 
modulates a radio frequency signal. 

The electronic apparatus connected 
to the gauge is in five parts : — 

(1) A two-and-a-half megacycle, 
electron coupled Hartley oscillator. 

(2) A limiting device to remove un- 
wanted amplitude modulations caused 
by variable resistance between slip 
rings and bushes. 





Strain gauges are used to determine the stresses 


at various loads, and the deflections are measured by dial indicators. 
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Fig. 6. Arrangement of loop dynamometers at the front end of 


the chassis. 


(3) A discriminator to filter out wave 
carrier form, convert the resultant 
frequency modulation into amplitude 
modulation and rectify it. 

(4) An amplifier unit. 

(5) A centre zero micro-ammeter for 
use as a nul point indicator. A small, 
variable condenser in the calibrated 
oscillator /gauge circuit is used in con- 
nection with the centre zero micro- 
ammeter to indicate the torque trans- 
mitted through the shaft. 

In addition to torque input and out- 
put measurements, that is transmission 
efficiency measurements, it is also de- 
sirable to determine axle deflections 
under various conditions. These de- 
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terminations will be carried by a com- 


bination of static and dynamic 
measurements. To begin with, deflec- 
tions under static loads will be 


determined by means of strain gauges 
fixed at four datum points. The 
deflection is measured by means of dial 
indicators and the strain at each point 
by means of a combined bridge and 
apex unit used in conjunction with a 
separate galvanometer and_ bridge 
circuit. 

In the dynamic tests only the strain 
can be determined. For this a D.C. 
amplifier and oscilloscope is used in 
conjunction with the apex unit. 
Although only the strain is determined 





Fig. 8. Equipment for static tests on frames. 


Fig. 7. A.E.C. slave 
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engine and the control panel of the rear 
axle test plant. 


in a dynamic test, the deflection can 
be established by correlation with the 
results of the static test. The same 
datum points will be used for all tests 
so that direct comparison of results will 
always be possible. 


Fatigue testing on axles 


For duration and fatigue tests, light- 
weight cams may be mounted on the 
periphery of the drums. They can be 
varied in phase relationship to each 
other and between drums. This, in 
conjunction with differential drum 
speeds and varying peripheral speeds 
between one and over sixty miles an 
hour allows any set of conditions to 
be selected to suit any particular sus- 
pension/pay load characteristics. 

To eliminate trouble that might arise 
from resonant frequencies of suspen- 
sion systems, it has been decided to 
limit vertical accelerations in every 
test. Initially, the Cambridge accelero- 
meter will be used for this purpose. 
The company are, however, developing 
an instrument that will give a con- 
tinuous visual indication which may be 
recorded photographically when a 
permanent record is desired. 

When the cams are fitted to the 
drums, it is intended to measure the 
dynamic stresses on the back axle 
casing, frame and any other part at 
which measurement seems desirable. 
Wire wound strain gauges will be used. 
The plant will deal with all sizes and 
types of vehicles from the small eight 
horse power car to the largest com- 
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mercial vehicle. It will allow a 
reasonably accurate determination of 
transmission efficiency. What is per- 
haps more important, it will allow 
accurate determination of dynamic 
stresses. Although it is not practicable 
to measure true draw bar pull, some 
indication of tractive force is obtained 
through the medium of the horizontal 
loop dynamometers fitted at the end 
of the chassis remote from the axle. 
There is not the slightest doubt that 
this plant is of great importance to the 
automobile industry. Analysis of the 
results obtained will supply a body of 
reliable and important data on matters 
which have hitherto been the subject 
of assumption and empiricism. 

Its importance is already being 
recognized. For example, requests 
have been received for a series of tests 
on a standard trolley bus chassis. For 
these tests, a motor and D.C. generator 
capable of giving 200 amperes at 500 
volts continuous rating has been in- 
stalled. This equipment will also be 
useful for investigations on axles 
operating under conditions of high 
starting torque. 


Static frame tests 


Two points for which every frame 
design should be tested are deflection 
under load and torsional stiffness. 
These are purely static tests. They are 
carried out on a test bed (see Fig. 8) 
made from very heavy rolled section 
members laid in reinforced concrete. 
The available length for test purposes 
is 35ft. It is proposed to work to 
M.I.R.A. procedure for torsion tests in 
general, although a simplified pro- 
cedure can be employed when only 
comparative results are required. 

Complete frame deflection analyses 
can be obtained by using calibrated 
hydraulic jacks at significant points 
such as body bearer brackets. For 
these tests the frame is mounted upside 
down and suspended from the spring 
reaction points by suitable means, 
while the jacks operate between the top 
of the side member and the bed. 

Two strut testing machines are also 
available for static testing. One has a 
maximum load capacity of 30 tons and 
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Fig. 9. Avery-Schenk fatigue testing machine. 


the other 150 tons. Both machines are 
hydraulically operated. The smaller 
has a variable daylight between 2ft and 
sft 3in. The larger can accommodate 
specimens up to a height of 11ft and 
up to 7ft wide. These machines have 
many applications, an example is the 
determination of the relative advan- 
tages and disadvantages of different 
cruciform members and methods of 
attaching them to the side members. 


Car wheel testing and research 


For conducting research into the 
endurance and performance of car 
wheels, both static and dynamic test 
apparata are installed. There are three 
dynamic and one static test sets. One 
dynamic set tests wheels without tyres, 
while the other two are for use with 
tyres fitted and inflated. The dynamic 
test machines are shown in Fig. 10 and 
the static machine in Fig. 11. 

The design of the dynamic machines 
is such that any size or type of wheel 
can be accommodated and any load 


within the normal vehicle range can be 
applied. Each machine incorporates 
means for automatically counting the 
number of stress reversals. In addi- 
tion, the efficiency of the hub cap 
mountings can be determined and a 
telltale warning lamp is switched on 
immediately undue movement of the 
hub cap occurs. Furthermore, the 
machine is stopped automatically when 
failure occurs. 

In endurance and performance tests, 
the selection of the test conditions is 
important. If the conditions are not 
sufficiently severe, the tests will take an 
inordinately long time; if they are too 
severe, they may lead to misleading 
results. For car wheel research, the 
Company have decided that the best 
basis for the test is to employ the 
maximum loading specified by the tyre 
manufacturer for the given tyre size 
and to select the condition where, due 
to fast cornering, the wheel is on the 
point of skidding outwards as a result 
of centrifugal force. Under these con- 





Fig. 10. Equipment for endurance tests on wheels. 


Fig. Il. 


Set-up for static tests on wheels. 
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Fig. 12. Some of the laboratory equipment for testing protective finishes. 


ditions a side thrust varying from »W 
to zero is experienced by a point on 
the wheel during every revolution 
where “ is the coefficient of adhesion 
between the tyre and the road, anid is 
taken as being 0-6, and W is the dead 
load on the wheel. 

For the sake of convenience the 
wheel is mounted rigidly by clamping 
it around the periphery to the base of 
the machine, and a slave hub, carrying 
a spindle, is bolted to the wheel nave. 
The spindle carries at its upper end a 
cross-arm with a slideably mounted 
weight. This, under rotation, gives an 
out-of-balance moment to the vertical 
axis. Adjustment of mass moment is 
effected either by adjustment of the 
weight position in relation to the ver- 
tical axis of the spindle or by changing 
the weight. The upper end of the 
spindle is driven through a flexible 
coupling by an electric motor. 

Rotation of the out-of-balance mass 
causes the whole slave hub assembly 
to describe a small circle at the upper 
end. As a result an alternating load 
of definite magnitude is applied to all 
points on the wheel periphery. The 
results obtained are of necessity com- 
parative. They are, however, based on 
test conditions that bear some relation- 
ship to the most severe that will be 
experienced in service. Even though 
the results are only comparative, they 
will eventually provide much valuable 
data on wheel design. 

For static wheel testing, the rig is so 
designed that the vertical component 
can be applied through the tyre by 
means of a hydraulic ram. The 
braking drag and the skidding load are 
also applied at the tyre periphery. For 
applying the skidding load a plate 
mounted on anti-friction rollers is 
interposed -between the ram and the 
tyre. The required pressure is im- 
parted at the appropriate angle by 
means of a calibrated aircraft jack. 
Since both rams have an effective area 
of 4-9 sq in, the operation of the 
pumps and observations are simplified 
by reference to the appropriate pres- 
sure gauges. 

Stress determination is, of course, 
the purpose of the static tests on 
wheels. For this, wire-wound resist- 


ance strain gauges are fixed to the nave 
and rim of the wheel at selected 
points, and by means of Tinsley bridge 
apparatus and a galvanometer, surface 
strain is established under increments 
of load up to the maximum. Due 
regard is taken of stresses due to tyre 
inflation and reflected or secondary 
effects by moving the loading points to 
different stations on the wheel peri- 
phery. Deflections under the varying 
loads are indicated on dial gauges. 


Fatigue testing 


Since many of the components 
manufactured by Rubery Owen & Co., 
Ltd., will be subject to rapid alternat- 
ing stresses in service, a considerable 
amount of fatigue testing is carried out. 
At present, the machines available for 
these tests are an Avery-Schenk 20-ton 
pulsator and a _ smaller machine 
specially designed by the Company’s 
engineers for endurance tests on car 
frame brackets. In addition to these 
machines, a constant bending moment 
Wohler and an R.A.E. combined stress 
machine are to be installed in the 
laboratory. 

The Avery-Schenk machine (see Fig. 
9) is used primarily for research into 
weld metal and welding technique. It 
has also proved an excellent machine 
for endurance tesing on full-scale com- 
ponents within a total load range of 
20 tons. For example, it has been used 
for investigations into the endurance 
of end flanges flash welded on to rear 
axle case tubes. 

It is known that brackets attached 
to car frames occasionally fail, although 
they are only lightly loaded. The 
failure may be due to excessive ampli- 
tude or to a localization of stresses 
arising from the method of fixing. 
The small machine has been developed 
for testing these brackets. It is 
designed to give positive excitation to 
the member under test, and the stroke 
or amplitude can be varied within wide 
limits. 

Paints and protective finishes 


Because of the diversity of articles 
manufactured in the Rubery Owen 
group of factories, many different pro- 
tective finishes must be used. In 
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determining the efficiency of a specific 
coating several factors must be con- 
sidered. The chief are: the intrinsic 
qualities of the coat itself, the pre- 
treatment of the base material and the 
method of application. Continuous 
research is carried out on_ these 
problems on a comprehensive range of 
equipment. In general, standardized 
equipment is used Although this does 
not call for detailed comment, a brief 
description of the various items and 
their uses may convey some conception 
of the scope of the laboratory work on 
this subject alone. 

For the application of paints and 
enamels the laboratory equipment in- 
cludes a spray booth and stoving ovens 
to ensure that the materials for test 
have been applied under controlled 
conditions. In general, the most im- 
portant factor to be considered is 
resistance to atmospheric conditions. 
To determine this by exposure to the 
atmosphere is possible only when tests 
are carried out over very long periods, 
but with the weatherometer these tests 
can be carried out in, say, ten days. 
In this equipment, the finished speci- 
mens are rotated inside a chamber and 
subjected to alternations of ultra- 
violet and infra-red light. They may 
also be sprayed with plain or lightly 
acidulated water. The results are 
purely comparative, but reliable. Some 
of this equipment is shown in Fig. 12. 

To-day, because of the importance 
of exports to tropical and sub-tropical 
countries, protective finishes must 
show resistance to extreme conditions 
of temperature and high humidity. 
Experience has shown that a finish 
that is perfectly satisfactory in tem- 
perate climates such as that of this 
country, may have only a very short 
life in countries having high tempera- 
ture and great humidity. A humidity 
cabinet is used to simulate these con- 
ditions. The humidifier consists of an 
electric immersion heater that is con- 
trolled by a humidistat working on the 
air temperature inside the cabinet. 


Plastics research 


Provision is also made for carrying 
out a certain amount of research on 
plastics with a view to developments 
in connection with dashboards and 
panels. The facilities available include 
a 50-ton Bradley & Turton hydraulic 
press with electrically heated platens 
used for powder mouldings. There is 
also a small hand-operated hydraulic 
press with electrically heated platens, 
and of 8-ton capacity. In addition, 
there is a large two-cylinder quick- 
action air press of 14 tons capacity for 
the manipulation of acrylic sheet. 
There is a gas-heated oven for use in 
conjunction with this press. 

This laboratory, in conjunction with 
the experimental department which is 
also under the control of the Research 
Engineer, is substantially self-con- 
tained. In addition to the fundamental 
research that will be carried out on 
design developments, there will‘also be 
applied research into processing 
methods. 
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FUEL INJECTION TESTS 


A Review of Hartridge Equipment for Nozzles and Pumps 


LL fuel injection equipment is 
manufactured to high precision 
limits, and in the course of pro- 

duction great care is taken to ensure 
that the equipment conforms to a very 
strict specification. This applies to 
both the methods employed in manu- 
facture and to the calibration and 
testing of the finished products. Al- 
though the equipment as supplied to 
the engine manufacturer is invariably 
thoroughly tested, it works under 
extremely severe conditions, and any 
falling away from the initial high 
standard will inevitably have an adverse 
effect on both engine performance and 
fuel consumption. 

Periodic checks of the equipment are 
therefore essential if the efficiency is to 
be maintained. The period between 
tests will vary according to service 
conditions, but in all cases regular 
testing is essential. 

Since the components are manu- 
factured to precision limits it will be 
appreciated that testing can be carried 
out only on specialized precision equip- 
ment. The notes that follow describe 
the fuel injection test equipment 
developed by Leslie Hartridge Ltd., 
9, Victoria St., London, S.W.1. Origin- 
ally, Hartridge equipment was de- 
veloped for carrying out service tests, 
but it is equally suitable and is indeed 
used by manufacturers of fuel injec- 
tion equipment. 


Injectors 


That eventually there must be a 
falling off in the efficiency of the 
injector nozzles is not surprising when 
consideration is given to the service 
conditions under which they work. 
They must operate at high 
speeds and under pressures 
that may be in excess of 
200atmospheres. In general, 
the efficiency of the nozzle 
is governed by four factors. 
They are :— 

(1) A spring which con- 
trols the injection pressure. 

(2) A fine clearance 
between the needle barrel 
and the nozzle body bore. 

(3) The seating between 
the needle valve and the 
nozzle body. 

(4) The accuracy of the 
injection holes. 

Each of these elements 
has to satisfy stringent work- 
ing conditions. The spring 
undergoes rapid cyclic 
variations of stress; the 
needle barrel and the 
nozzle body bore and the 
valve seatings are exposed 
to the action of the fuel, Fig. |. 
which is under high pressure 


and often includes constituents which 
may set up corrosion. Finally, the 
nozzle tip is exposed to high tempera- 
tures with a consequent danger that 
the injection hole, or holes, may be 
affected either by burning or by the 
déposition of carbon. 

During the original manufacture, 
every injector nozzle is tested for valve 
opening at a specific injection pressure, 
for back leakage which must lie between 
maximum and minimum values, for 
maintaining a fuel tight oil seal until 
the specified injection pressure is 
reached, and for the atomization and 
form of spray. Hartridge testing 
equipment has been designed for 
carrying out these various tests simply, 
yet with a high degree of accuracy. 

Obviously, the amount of use found 
for testing equipment will vary greatly 
from one organization to another. For 
example, an organization that operates 
only a small fleet of vehicles will have 
only occasional need for testing equip- 
ment, whereas in one that manufac- 
tures fuel injection components there 
will be continuous testing during work- 
ing hours. To meet these varying 
needs, Leslie Hartridge Ltd. have 
developed three types of nozzle testing 
equipment. Two, a bench model and 
a cabinet model, are manually operated, 
while the third has completely auto- 
matic operation. 

In general, the bench model is 
intended for use where only occasional 
tests are carried out. The manually 
operated cabinet model does allow 
continuous testing without creating an 
unpleasant atmosphere through disper- 
sion of spray into the shop atmosphere. 
It is also sufficiently inexpensive for 





Manually operated Hartridge bench model injector 
tester. 


use in an organization operating only 
a medium fleet of vehicles. The auto- 
matically controlled injection nozzle 
tester, which is the latest Hartridge 
development in this field, is intended 
to serve the needs of manufacturers 
and large fleet operators. 

Fuel oil should not be used for 
carrying out tests. The most suitable 
testing medium is a specially blended 
oil, Shell Ar2 “‘ Fusus.”’ Alternatively, 
a mixture of 50 per cent best quality 
paraffin, clean and free from foreign 
matter, and 50 per cent white oil, 
Shell P31, may be used. The use of 
these oils almost completely eliminates 
any danger of fire. In addition, they 
have lubricating properties and are 
completely free from the corrosive 
constituents that may be present in a 
fuel oil. 


Manually operated nozzle testers 


Basically similar mechanism is used 
for both the bench and cabinet type 
manually operated nozzle testers. It 
comprises an oil tank, incorporating a 
filter, that is connected to a fuel pump. 
Actuation of the pump is effected by 
means of a special profile cam that 
acts on a lever connected to the pump 
plunger. A standard jerk action pump 
with plunger, helix control rod and 
delivery valve is fitted. It is set to 
deliver 172 cubic millimetres of fuel 
per stroke. The camshaft for actuating 
the pump is revolved by means 
of a handle attached to a balanced 
flywheel. 

For the atomization tests it is 
desirable to have a constant plunger 
rise throughout the whole injection 
period. With manual operation this 
calls for a speed of rotation 
that is sufficiently high to 
allow the balanced flywheel 
to be rotated evenly without 
any jerkiness and at the 
same time low enough to 
be easily maintained. Ex- 
perience has shown that 
what may be termed the 
natural speed for manual 
rotation is about 85 r.p.m. 
At this speed, which can be 
easily maintained, there is 
sufficient flywheel effect to 
give even rotation. At this 
speed, the special form cam 
gives an injection period 
equivalent to that normally 
obtained at an engine speed 
of 25 r.p.m. This allows 
full examination of the 
atomization characteristics. 

On the bench model, il- 
lustrated in Fig. 1, the in- 
jector is always tested in the 
vertical position. The de- 
sign, however, is such that 
no matter what type of in- 
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jector is under test, practically 
all the atomized spray is caught 
in the waste tank and but little 
escapes into the shop atmosphere. 
Two factors help in this respect. 
The first is that the injector is 
mounted on an adjustable bracket 
that allows it to be brought into 
the best position. Secondly, the 
waste tank has a loose top of 
dished pattern that can be used 
with either the convex form or 
the concave form uppermost. 

It is the normal practice to 
have the rim with the convex 
side uppermost for testing nozzles 
with single central holes and with 
the concave side uppermost for 
multi-hole nozzles. In testing 
a multi-hole nozzle with spray 
spreading at a fairly large angle 
in relation to the vertical, the 
nozzle is mounted with the end 
just below the top of the tank. 
In every case, practically the 
whole of the spray is trapped 
in the waste tank. 

The principal differences be- 
tween the bench model and the 
cabinet model, which is shown 
in Fig. 2, is that in the cabinet 
type provision is made for mount- 
ing the nozzle either vertically 
or horizontally and the spray 
is ejected into an enclosed lighted 
chamber with a Perspex in- 


spection window. With this Fig. 2. Cabinet model manually operated injector 
model it is also possible to carry caster. 

out tests on the angle of spray 

from multi-hole nozzles. This, how- that the nozzle spring requires ad- 


ever, is a test that is necessary only ,in 
the manufacture of nozzles. 

Since the mechanism is the same in 
principle, the method of operation is 
the same for both the bench and 
cabinet models. The test for which 
they are used are :— 

(1) Pressure test. 

(2) Back leakage test. 

(3) Dry seat test. 

(4) Atomization test. 

Every injection nozzle is set by the 
makers to operate at a specific pressure, 
and for efficiency it is important that 
it continues to operate at or near to this 
pressure. In service, however, any 
one of several things may occur to 
affect the operating pressure and it 
is essential that periodic tests be carried 
out to ensure that the correct in- 
jection pressure is maintained. The 
most common fault is that injection 
occurs at a pressure lower than that 
originally specified, generally because 
through many reversals of stress the 
spring shows slight fatigue and a 
consequent decrease in loading. 

Injection pressure tests are easily 
carried out. It is only necessary to 
depress the rack spring to give full 
rack opening and then rotate the 
flywheel slowly, or alternatively de- 
press the: hand lever, and observe the 
highest reading obtained before the 
needle on the pressure gauge flicks. 
This reading denotes the pressure at 
which injection takes place. 

If the reading obtained is incorrect, 
probably low, the most likely cause is 
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justment. There are other possible 
causes of incorrect injection’ pressure. 
For example, there may be foreign 
matter causing the needle to stick or 
the nozzle holes may be clogged with 
dirt or carbon deposit. In _ these 
cases the injection pressure will be 
higher than the specified figure, and the 
nozzle must be thoroughly cleaned. 
In fact, before a-nozzle that has been 
in service is tested, it is advisable to 
examine, and if necessary clean, the 
injection holes. 

The degree of back leakage is also 
important. Although the clearance 
between the barrel of the needle and 
the bore of the nozzle is very small, 
under the high pressures at which 
injectors work there must inevitably 
be a certain degree of back leakage. 
In the manufacture of nozzles it is 
common practice to specify. maximum 
and minimum values for back leakage, 
but in testing nozzles after they have 
been in service it is only necessary to 
determine that the back leakage does 
not exceed a specified maximum figure. 

To carry out a back leakage test, the 
pressure is built up as for an injection 
pressure test and is then allowed to 
fall away naturally. The fall from 
150 to 100 atmospheres is timed. 
When Shell Ar2 “ Fusus ” test oil with 
a viscosity of 44 seconds Redwood at 
75 deg. is used, the time should not 
be less than six seconds. 

Should the time be less than six 
seconds, the nozzle must be examined 
and the cause determined. Usually 
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the trouble may be traced to one 
of three causes. It may be that 
the nozzle holding nut is loose, 
in which case tightening the nut 
should correct the fault. A second 
possible cause is foreign matter 
between the contact faces of the 
nozzle and the nozzle holder. 
If this condition exists, rectifica- 
tion is effected by cleaning the 
faces and re-setting. The third 
cause is the most probable. It is 
that through service, wear has 
occurred between the barrel of 
the needle and the bore of the 
nozzle. If this is the cause of 
excessive back leakage, a new 
nozzle must be fitted. 

The third, the dry-seat test, 
is carried out to establish that 
except during the actual injec- 
tion period there is a fuel tight 
seal between the needle and its 
seating in the nozzle. For this 
test the end of the nozzle is 
carefully wiped to remove any oil 
that may have collected from the 
previous tests. The pressure is 
then built up to about 10 
atmospheres less than the injec- 
tion pressure and the nozzle tip is 
carefully examined for any leak- 
age of oil through the spray 
holes. To complete the test, 
the pressure gauge valve is closed 
and the flywheel is rotated at about 
90 r.p.m. for about 15 seconds. 
The nozzle tip is then again 
examined for freedom from oil. 

If this test discloses leakage from the 
nozzle, the nozzle and the needle should 
be cleaned in case foreign matter is 
causing the needle to stick or is pre- 
venting correct seating. Should there 
still be leakage after cleaning, the 
trouble arises from a worn and damaged 
seating, either the nozzle should be 
serviced or a new nozzle should be 
fitted. 

For the atomization test the flywheel 
is revolved at a normal operating speed, 
about 85 r.p.m., and the nature and 
shape of the spray is examined. The 
spray should be finely atomized and be 
completely free from coarse or “ solid” 
streaks. With multi-spray nozzles, 
the angles of the several sprays, and 
where appropriate, their distribution, 
should also be checked. Particular 
attention should be paid to the condition 
at the beginning and end of atomization, 
where faults are most likely to occur. 
Faulty atomization may be caused 
through a dirty nozzle. If, however, 
the nozzle is cleaned and the atomiza- 
tion is still incorrect, either the nozzle 
needle or the spray hole is faulty and a 
new nozzle is necessary. 


Automatically controlled nozzle 
tester 


The most recent development in 
nozzle testing equipment is the Hart- 
ridge automatically controlled model 
illustrated in Fig. 3. This model. has 
been developed to meet the needs of the 
manufacturers of injection equipment 
and of operators of large fleets of road 
vehicles. It differs in several respects 
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from the manually operated noz- 
zle testers. The most important 
difference is that power for 
actuating the fuel pump is taken 
through reduction gearing from an 
electric motor. This completely 
standardizes the pump action and 
gives absolutely constant delivery 
of the test oil. Although both the 
bench and the cabinet models 
have been designed to give as 
constant a pumping action as 
possible, with manual operation 
there must be dependence upon 
the operator, but with the new 
model constancy is automatically 
ensured. 

A second difference is that 
whereas the manually operated 
models have the pump rack set 
to give a constant delivery of 
172 cubic millimetres of fuel per 
stroke, the automatically con- 
trolled model has an adjustable 
rack control against a calibrated 
scale adjustable between zero and 
25 mm. A further refinement is 
that the design incorporates a 
pressure accumulator that stores 
sufficient pressure to allow pres- 
sure drop and dry seat tests to be 
carried out several times without 
use of the pump. This also gives 
much steadier movement of the 
needle on the pressure gauge and 


as a result the exact pressure at which 


injection starts is much more 
determined. 


improved arrangements for 
collecting the atomized spray. 
As this model is intended 
for continuous testing, the 
fuel tank is of greater capa- 
city than those on the man- 
ually operated models. 
Standard test procedure 
is to start with the injection 
pressure test. For this, the 
pump is set for maximum 
delivery by opening the 
control rack to 25 mm., the 
pressure accumulator and 
the pressure gauge valves are 
fully opened, the motor is 
started and pressure is built 
up until injection occurs. If 
the pressure setting is cor- 
rect, the pressure gauge 
valve is closed and the spray 
formation is examined. 
For the atomization test 
both the pressure gauge and 
the pressure accumulator 
valves are closed and the 
pump delivery is set to suit 
the type of nozzle that is 
being tested. A setting of 
I2-I4 mm. is recommended 
for most nozzles used on road 
transport vehicles. Since 
the injection rate is absolute- 
ly standardized, the condi- 
tions are excellent for a 
thorough examination of the 
atomization characteristics. 
To carry out the dry seat 
test, both valves are fully 
opened and the motor is 


An improved type of 
pressure gauge is fitted and there are 
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Fig. 3. Automatically controlled injector tester. 


started to build up pressure and is 
switched off when the pressure is 
about 10 atmospheres below the re- 
lease pressure. The nozzle should 


easily 





Fig. 4. Hartridge fuel pump test bench for calibration and 
phasing. 
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remain perfectly dry. To com- 
plete the tests, the back leakage 
is checked. For this, the motor 
is again started and the pressure 
built up to about ro atmospheres 
below the release pressure. As 
soon as the motor is stopped the 
pressure accumulator valve is 
closed. The pressure immediate- 
ly begins to fall, and the time is 
taken for a fall from 150 to 
100 atmospheres. If necessary, 
this test can be repeated several 
times without using the motor, 
since by opening the pressure 
accumulator valve the circuit 
can be recharged. 

For routine checking of in- 
jector nozzles removed for peri- 
odic inspection after service, it 
is possible to employ a simplified 
and quicker procedure. Here 
it should be stressed that while 
it is recommended that before 
a used nozzle is tested on any 
Hartridge equipment it should 
be examined to ensure that the 
spray holes are clear, this prac- 
tice is absolutely essential in 
testing on the automatically 
controlled model. On this model, 
pumping against blocked spray 
holes would lead to excessive 
pressure build up with conse- 
quent damage to the machine. 


The simplified procedure is: with 
both the pressure gauge and the accum- 
ulator valves shut, the motor is started 
and the spray formation is checked. 


The accumulator valve is 
then opened and the atom- 
ization characteristics are ex- 
amined. Then with both 
valves open the injection 
pressure is determined. Fol- 
lowing this, the motor is 
switched off and the accumu- 
lator valve is closed while 
the dry seat and back leak- 
age tests are carried out. 
If there is no need for adjust- 
ments to the pressure setting, 
this sequence can be carried 
out in less than 2} minutes. 
Should pressure setting be 
necessary, the sequence can 
be completed in from 3} to 
4 minutes. 


Fuel pump test equip- 
ment 

The efficiency of any fuel 
injection system depends up- 
on the pump as well as the 
actual injectors. It is es- 
sential that at every stroke 
the pump shall deliver an 
accurately metered quantity 
of fuel in such a manner 
that injection starts at the 
correct instant and is main- 
tained for the correct period. 
Further, when multi-plunger 
pumps are used, as they 
are on the power units for 
road transport vehicles, there 
must be a balanced delivery 
from all the pump elements 
and there must also be an 
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Fig. 5. Calibration mount on the fuel pump test bench. 


accurate timing relationship, or phase 
angle, between the various elements. 

These calibration and phasing tests 
are carried out very carefully and 
accurately by the makers of the fuel 
pumps. However, although the fuel 
pump is not subject to such severe 
service conditions as are the injection 
nozzles, it is nevertheless essential 
that periodic tests be carried out if the 
pump efficiency is to be maintained. 

For testing fuel pumps designed for 
use on the engines of road transport 
vehicles, Leslie Hartridge Ltd. have 
developed test equipment of the type 
shown in Fig. 4 and 5. This equip- 
ment is suitable for both the initial 
calibration of new pumps and for 
routine testing in service. So far as 
service testing is concerned, it is a 
type of equipment that is economically 
justified only where a fair amount of 
testing is undertaken. That is, the 
equipment is intended for medium 
and large fleet operators and for use in 
specialist diesel service stations. Even 
organizations that do not’ carry out 
repairs to their injection equipment 
can effect remarkable economies 
through using the Hartridge fuel 
pump test bench. Periodic testing 
allows the pump to be maintained 
in the best possible condition with a 
marked effect on engine efficiency 
and fuel consumption. For exampie, 
one user found that through regular 
pump testing and the making of any 
necessary adjustments, the fuel econo- 
mies were sufficient to more than offset 
the cost of the equipment in less than 
onc year. 

Essentially, the standard Hartridge 
fuel pump test bench comprises a 
special infinitely variable speed drive, 
an automatic trip gear, a calibration 
test bench and a specially designed 
phasing mechanism. Each of these 
elements has been specially designed 
for the function it has to serve to give 


the utmost possible accuracy in pump 
testing. Every normal type of fuel 
pump for road transport vehicles can 
be tested. The scope of the test 
bench can also be increased by fitting 
the Hartridge fuel feed pump 
tester which allows the fuel 
feed pump to be tested in 
situ, if it operates from the 
cam-box of the injection 
pump. 

Power for driving the 
mechanism is supplied from 
a 3 h.p. constant speed, re- 
versible motor through vee 
texropes to the _ variable 
speed mechanical gear. Nor- 
mally, this gear is arranged 
for a speed range of 50- 
1,500 r.p.m. in both direc- 
tions with full torque and 
complete stability at any 
speed in the range. It can 
be modified to give an in- 
finitely variable speed range 
of 50-4,000 r.p.m. Speed 
variations are invariably 
carried out while the gear 
isrunning. They are effected 
by operation of a handwheel 
and the speed is indicated 
on an accurate tachometer. 

An automatic mechanical 
trip device:is directly coupled 
to the main pump drive. 
Its function is to control 
the start and finish of the 
pump output tests. It allows 
exactly 200 revolutions of the 
pump shaft, irrespective of 
the speed and direction of 
rotation. The trip mech- 
anism comprises a_ gear- 
driven master plate that 
operates in connection with 
two cams, one for clockwise 
and one for counter-clock- 
wise rotation. Since the 
start and finish of the output 
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test are controlled by a single cam, 
the time lag in the trip gear operation 
is precisely the same at the start and 
the finish. ’ 

In testing a pump, the first factor 
to be checked, and if necessary correc- 
ted, is the output from each element. 
Maximum and minimum output rates 
are specified by the pump makers. 
Every element must give an output 
within the specified amounts. In 
addition, there must not be more than 
5 per cent. variation between the highest 
and the lowest outputs. This test is 
carried out with the pump coupled 
to the main drive shaft and with the 
output side of each pump element 
coupled to an appropriate point in 
the calibration test mount. 

The calibration test mount carries 
test injectors, de-atomisers, graduated 
test tubes, a fuel tank and a waste oil 
receptacle. Specially graded _ test 
injectors are employed. This ensures 
that the only significant variable is 
the pump itself. Oil feeds from 
the fuel tank to the fuel pump, which 
then delivers oil to the test injectors, 
whence through the de-atomisers it 
pours into a series of chutes. The tray 
in which the chutes are formed is 
connected to and controlled by the 
automatic trip gear. When this gear 
is brought into operation the tray is 
tilted and the oil passes down the chutes 


Fig. 6. Hartridge fuel pump test bench with fuel 


feed pump test equipment. 
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into a series of graduated test tubes 
until, after exactly 200 pump strokes, 
the trip gear returns the chute tray 
to its original position. To facilitate 
testing, the support carrying the test 
tubes is rotatable and carries two sets 
of tubes. When one test is completed, 
the support is rotated to bring a fresh 
set of tubes under the chutes so that 
while a second test is being performed, 
the first set of tubes can drain. 

After the pump output has been cali- 
brated, the phasing, or timing, tests must 
be carried out to ensure that there is 
correct relationship between the several 
pump elements. The maximum devia- 
tion must not exceed 0.5 deg. The 
Hartridge patent phase angle mechan- 
ism has been developed for this 
test. It is, of course, an integral part 
of the machine and can be used for 
phasing at point of injection or by the 
port closure (spill) method. Essentially 
the mechanism comprises a_ special 
injection nozzle which can be adjusted 
round an arc, means for stroboscopic 
examination of the spray, and scales 
for registering the start and the end of 
injection. 

A dished wheel, rotating at pump 
speed, is mounted on the main drive 
shaft with the injection nozzle just 
outside it. In the periphery of the 
dished wheel there is a very small hole 
which, at a certain point in every 
revolution of the wheel, exactly lines 
up with the injection nozzle. Since 
the dished wheel and the pump run 
at the same speed, injection occurs 
once for every revolution of the wheel, 
and it is possible to adjust the nozzle 
round its arc of swing so that injection 
will start just when the hole in the 
dished wheel passes under it. The 
stroboscopic illumination allows this 
point to be determined easily and 
accurately. When this position is 
established it is fixed by adjusting 
the zero on a graduated scale to a fixed 


A survey of the 


AN anti-knock requirements survey 

of 102 trucks and buses has shown 
that the fuel needs of both commercial 
vehicles and passenger cars are quite 
similar on the basis of maximum re- 
quirements for knock-free performance. 
A detailed analysis of the survey is 
contained in a paper “ Anti-knock 
Requirements of Commercial Vehicles ” 
by J. A. Edgar, H. J. Gibson, R. J. 
Greenshields and G. W. Pusack, 
recently presented to the Society of 
Automotive Engineers. 

The survey also disclosed that proper 
ignition system adjustment will reduce 
the large variation in anti-knock per- 
formance among engines of the same 
make and model. A matter of particu- 
lar interest was the degree and effect 
on requirement of deviations of igni- 
tion timing from recommended set- 
tings. Each vehicle was tested in the 
as-found condition and again after the 
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datum line. Further movement of the 
injector nozzle round its arc of travel, 
establishes the length of the injection. 

This process is first carried out for 
No. 1 pump element. It is important 
that once the graduated scale has been 
set for the start of injection for No. 1 
pump, this setting shall be maintained 
until all the pump elements have been 
tested. No. I pump element therefore 
forms the datum against which the 
remaining elements are tested in firing 
order. To facilitate testing all the 
elements an accurately graduated divid- 
ing coupling is used to connect the 
machine drive shaft to the pump shaft. 
Provision is also made for simple yet 
accurate determination of the angle at 
which injection starts in relation to 
t.d.c. of the pump plunger. 


Varying conditions 


It should be emphasised that this 
fuel pump test bench does not confine 
the tests to one set of conditions. On 
the contrary, both output and phasing 
tests can be carried out over a range of 
conditions equivalent to those that will 
be encountered in service. This is 
important since it allows adjustments 
to ensure optimum efficiency at the 
common operating conditions. 

For example, a public service vehicle 
operating in a busy town will seldom 
or never have the engine running at 
high speed, but will operate generally 
at low engine speeds. For such an 
application pump output balance at 
low speeds is an important factor. An 
industrial engine, on the other hand, 
will generally operate at or near maxi- 
mum speed, and pump balance at high 
speed is very important while the 
balance at low speed is relatively un- 
important. The range and the accuracy 
of the Hartridge infinitely variable 
speed drive allows the pump calibra- 
tion tests 'to be carried out at the most 
suitable speed. Provision is also made 
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for carrying out both output and phase 
angle tests at any desired rack setting. 
If a mechanical governor is fitted to the 
fuel pump, its operation can easily be 
checked. Both idling control and 
maximum control can be established. 

When a periodic service test is being 
carried out, it is not sufficient merely 
to test the fuel pump, the fuel feed 
pump should also be tested. This unit 
should be given the following tests :— 

(1) A priming test to ensure that oil 
will be delivered when the engine first 
starts. 

(2) A delivery test to establish that 
at specified speeds the pump will 
deliver the correct amount of fuel. 

(3) A back pressure test to ensure 
that the spring-loaded plunger is not 
faulty. 

(4) A pressure and output test to 
establish that the valve and plunger 
function correctly. 

For carrying out these tests, Leslie 
Hartridge Ltd. have developed a fuel 
feed pump tester (see Fig. 6). This unit 
is not part of the standard fuel pump 
test bench, but is designed for use in 
conjunction with the test bench. It 
is shown mounted on a standard test 
bench in Fig. 5. If the fuel feed pump 
operates directly from the cam-box of 
the injection pump, it is merely neces- 
sary to couple two flexible pipes from 
the test unit to the inlet and outlet 
orifices of the fuel feed pump. By 
using a dummy cam-box, any other 
type of cam-operated fuel feed pump 
can be tested. 

These notes have discussed the fuel 
pump test bench only as a workshop 
and service station machine. It also 
has other uses. For example, because 
of the precise control it gives over a 
wide range of operating speeds and 
rack openings, it is particularly suitable 
for adaptation as an instrument for 
research and development investiga- 
tions into the phenomena of injection 


needs of a large number of diverse vehicles 


ignition system had been restored to 
manufacturer’s specifications either by 
adjustment of distributor components 
or by the installation of new distribu- 
tors. It is emphasized that ignition 
system adjustment on a distributor 
tester did not always mean that igni- 
tion timing in the engine was correct at 
all speeds or in all cylinders. It has 
been demonstrated many times that 
wear, normal lash, torsional effects and 
sO On can cause serious variation in 
actual ignition timing even with a dis- 
tributor that meets all specifications. 
Of the group of vehicles tested, 49 
were within a plus or minus of 2 deg. 
range of the setting recommended by 
the manufacturer, while 37 were 
retarded and 16 were advanced more 
than this amount. The maximum over 
advance was 20 deg. while the maxi- 
mum retard was 14 deg. In some in- 
stances this was not so bad as it appears, 


since deviations in distributor advance 
curves help to compensate for devia- 
tions in initial settings. In others, 
however, the two effects were additive. 
In the case of one particular 
vehicle, although adjustment of the 
ignition system raised the requirement 
considerably, the vehicle performance 
was materially improved. The time for 
acceleration of engine speed from 500 
to 2,000 r.p.m. in high gear was reduced 
from 50 seconds in the as-found condi- 
tion to 26 seconds after adjustment. 
This condition occurred in a fleet where 

maintenance was considered good. 
(1880) 


BRITISH N.S.F. CO., LTD., Keighley, 
Yorkshire, have acquired a licence to 
manufacture the range of switches 
produced by Cutler-Hammer, _Inc., 
Milwaukee, U.S.A. Among the applica- 
tions of these switches are motor driven 
tools, automobiles, aircraft, etc. 
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BODY FINISHING 


A Review of the Plant and the Methods Employed by 


OTH in this country and the 
United States of America there 
is an increasing tendency for 

motor car manufacturers to use syn- 
thetic enamels in place of cellulose 
paints for the finishing coats on body- 
work. Several factors have influenced 
this change. As the final polishing 
operations are eliminated when syn- 
thetic enamels are used, a much smaller 
labour force is necessary for a given 
output, the time for the finishing 
operations is reduced, and much less 
factory space is required. The Rover 
Co., Ltd., have not, however, made the 
change because of these factors, im- 
portant though they be, but because of 
the improved durability of the syn- 
thetic enamels. 

This greater durability is most im- 
portant in export markets. In tem- 
perate climates, such as that of this 
country, the difference between a syn- 
thetic enamel finish and a cellulose 
finish would not normally become 
apparent until after considerable ser- 
vice. On the other hand, in tropical 
and sub-tropical climates of consider- 
able humidity, a cellulose finish will 
frequently fail after short exposure to 
the atmospheric conditions, whereas a 
synthetic enamel finish has_ great 
resistance. 

Although there is no doubt about the 
advantages of a synthetic enamel finish, 


The Rover Co., Lid. 


the change from cellulose is not one to 
be lightly undertaken. In the first 
place, it entails a large capital outlay 
for special plant. In addition, there 
must be much closer control of the 
materials and the conditions under 
which they are used to produce a dead 
flat high finish without any polishing. 
Further, the application of the final 
coats calls for a considerably greater 
degree of operational skiil than is neces- 
sary when cellulose paint is used. In 
fact, in American factories using a syn- 
thetic enamel finish, the final spray 
operators are the most highly paid 
workmen in the organization. 

After exhaustive investigations into 
every aspect of the problems involved, 
The Rover Co., Ltd., decided to change 
over from cellulose paint finish to syn- 
thetic enamel finish for both the “75” 
passenger car and for the Land Rover, 
that is, for the whole of the Company’s 
production. These notes are concerned 
with the plant and the processing 
methods for the passenger cars. 


Preliminary treatment 


For the preliminary work on the 
body shell and on the metal details 
such as front wings and bonnet covers, 
the original plant can still be used. 
Body shells are assembled from press- 
ings supplied by The Pressed Steel Co., 
Ltd. A very high standard of press 
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work is necessary to give the smooth 
surfaces that are essential when a syn- 
thetic enamel finish is used. Imme- 
diately before delivery to the paint 
department, the shell is blown down 
with compressed air to remove as much 
as possible of the dust that accumulates 
during the body building operations. 
The door panels, incidentally, are made 
from aluminium pressings, while the 
side and roof panels are made from the 
more conventional steel pressings. 

Before any painting is carried out, 
the body shell is first wiped down with 
a distillate, and is then treated with 
Docker’s Primo-surface, a preparation 
that leaves a non-metallic phosphate 
coating on the steel. This coating has 
a certain degree of corrosion resistance, 
but its main functions are to provide 
a key for the paint and to prevent 
corrosion spread and consequent paint 
flaking should the paint film be broken. 

Since steel and aluminium react dif- 
ferently to the Primo-surface, two 
concentrations are used, one for the 
steel and one for the aluminium. 
Shortly after the Primo-surface has 
been applied, the body shell is washed 
down with cold water and then, to 
accelerate drying, with hot water. 
The body is then passed through a 
drying oven which is maintained at 
280-290 deg. F. It is in this oven for 
20 minutes. 











Fig. 1. General arrangement of the final paint plant installed by Heat and Air Systems Ltd. at The Rover Co., Ltd. 


A, tack-rag booth. B, tunnel. C, spray booth. D, flash-off tunnel. E, final bake oven. 
to and exit from final bake oven. 


G, exhaust from spray booth. H, vestibule and air seal at entrance 
J, main trunking for air supply to spray and tack-rag booths. 
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Fig. 2. A general view of the plant. 


After leaving the oven, the seams of 
the body shell are wiped with ammonia 
to kill any flux that may remain from 
the body building operations. Follow- 
ing this, the body shell is wiped all 
over with a cleaning solvent before the 
first priming coat is applied by spray- 
ing. This primer is used at 19 seconds 
(Ford 4 cup) viscosity. From the 
spraying booth the body shell passes 
through a short flash-off tunnel and 
thence to a baking oven in which it is 
baked for 20 minutes at 200 deg. F. 

All the seams are then sprayed with 
stopper and the remainder of the body 
is brush stopped where necessary. This 
stopper is stoved for 15 minutes at 
180 deg. F and then “knocked back” 
with 280 wet-dry paper. 

Three coats of filler are then applied. 
There is a short flash-off period be- 
tween the application of the first and 
the second and the second and the 
third coats. The paint used for the 
filler coats is used at 24 seconds (Ford 4 
cup) viscosity. It is a high lustre filler 
that has been specially developed for 
The Rover Co., Ltd., in connection 
with synthetic enamels. The special 
property of this high lustre filler is that 
it is non-absorbent. After the three 
filler coats have been applied, the body 
shell is baked for 60 minutes at 
280 deg. F to give complete curing. 
From the baking oven the body shell 
cools off and passes to a spray booth 
where it is sprayed with a black spirit 
guide coat. It is then rubbed down 
with 360 wet-dry paper, washed down 
and dried off for 15 minutes at 
180 deg. F. This completes the pre- 
liminary painting on the body shell. 

When the preliminary painting is 
completed, the body shell is transferred 
to a special assembly truck on which 
it remains until the painting is com- 
pleted. At this stage other body parts, 
such as front wings, bonnet tops and 
boot covers, are transferred from the 
metal details department to the paint- 
ing line. These parts have been pre- 
treated by Spra-bonderizing, primer 
dipping and stoving. The truck on 


which the body shell is mounted is not 
only designed to carry the body 
through the final painting plant but is 
also a jig for the assembly of the metal 
details. It can also be set in various 
pre-determined positions so that every 
surface can be painted from one side 
and from a convenient operating posi- 
tion. When the assembly is completed, 
the body is blown down with com- 
pressed air, is given a complete wipe 
down with a special solvent, and all the 
shuts, door edges, etc., are sprayed 
from a cup gun to seal any dust that 
the air cleaning may have failed to 
remove. 


The synthetic enamels 


Before the operational sequence and 
the plant employed for the application 
of the synthetic enamel are described, 
it may be as well to deal briefly with 
the degree of testing that The Rover 
Co., Ltd., consider to be necessary for 
synthetic enamels. These materials 
may show considerable variations, and 
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the experience of the Company is that 
comprehensive checks are necessary on 
every batch of enamel if the desired 
standard of finish is to be maintained. 

The routine checks carried out on 
every batch of material are: — 

(1) Viscosity and specific gravity of 
material as received. 

(2) Flash-off and stoving charac- 
teristics. 

(3) Hardness, hold up, flow and 
opacity. 

(4) Hiding power. 

(5) Settlement and flotation tests on 
enamel as received and after thinning. 

(6) Visual examination of bulk 
material in its container for such 
factors and undue separation, skinning 
and grittiness. 

(7) Exposure test. For this test a 
panel is treated in the Paint Laboratory 
and is then exposed to the atmosphere. 
During the test one half of the panel 
remains untouched and the other is 
cleaned and waxed every 10 days. In 
addition to the routine exposure tests 
carried out on every batch of material, 
panels are sent for exposure tests to 
various parts of the world, particularly 
those with conditions known to be bad. 

Only when a batch has been passed 
as satisfying all these tests is it passed 
for use in the production department. 
Incidentally, the record system is such 
that if a complaint does arise in service 
it is possible to determine exactly 
which batch of paint was used on the 
particular vehicle. 


The finishing plant 


The plant for the application of syn- 
thetic enamel finishes must have 
several features that are not necessary 
with a cellulose finish. For example, 
when a cellulose finish is applied, 
scrupulous cleanliness, although desir- 
able, is not essential since the flash-off 
is rapid and in addition the subsequent 
polishing operations will remove any 
dust or foreign matter that may have 
adhered to the paint surface. With 
synthetic enamels, the body leaves the 





Fig. 3. A body shell entering the tack-rag booth. 
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final bake oven as a finished component 
and there is no subsequent polishing 
operation. It is, therefore, essential 
that the body should be in a perfectly 
clean condition when it enters the final 
spray booth and completely clean 
atmospheres must be maintained in the 
final spray booth and the final bake 
oven. 

Furthermore, a synthetic enamel is 
much more susceptible than cellulose 
paint to atmospheric conditions during 
the time of application. For this reason 
the final spray booth must have an 
atmosphere that is not only clean, but 
is also controlled for- both temperature 
and humidity. It is generally recom- 
mended that the total variation in tem- 
perature should not exceed 2 deg. F 
and in humidity 4 per cent. 

Because of the much stricter con- 
trol over conditions that is necessary, 
plant that is designed for final paint- 
ing in cellulose is not suitable when 
synthetic enamels are used. There- 
fore, the change-over has necessitated 
the installation of a completely new 
plant for the finishing operations. This 
plant was designed and erected by Heat 
and Air Systems, Ltd., 172, Bucking- 
ham Palace Road, London, S.W.1. 

The general arrangement of the 
finishing plant is shown in Fig. 1. 
Essentially, it comprises a tack-rag 
booth (A), a tunnel (B), a spray booth 
(C), a flash-off oven (D), and a final bake 
oven (E). It is designed for a produc- 
tion of 300 bodies in a 40-hour week. 
Filtered, warmed and humidified air 
is supplied to the tack-rag booth and 
the spray booth from one main fan 
driven by a 35hp motor. The fan 
capacity is 52,000 c.f.m. A general 
view of the plant is shown in Fig. 2. 

Before reaching the fan, air from the 
atmosphere enters the supply system 
through inlet louvres and is filtered. 
It first passes through viscous oil filters 
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Fig. 4. The tack-rag booth. The body in the background is just entering the spray booth. 


and then through an_ electrostatic 
“Preciptron” grid manufactured by 
The Sturtevant Engineering Co., Ltd., 
and a collector plate for filtering and 
then through thermostatically con- 
trolled heaters to bring it to the speci- 
fied temperature. Both the tack-rag 
booth and the spray booth are of the 
down-draught pattern with air enter- 
ing through the roof. At each of these 
booths additional filtering is obtained 
by passing the air through cotton 
fabric and cotton gauze filtering media 
immediately before it enters the booth. 
These roof filters serve a dual purpose. 
They prevent any small rust or scale 
particles off the main fan trunking 


Fig. 5. The air-conditioned, water-washed down-draught spray booth. 


from entering the booths and they dis- 
tribute the air evenly throughout the 
booth space. 

The conditioned air is supplied to 
these booths at the rate of 52,000 
c.f.m., while extraction is at the rate 
of 48,000 c.f.m. Consequently, both 
booths are at slightly higher pressure 
than that of the surrounding shop. 
This completely eliminates any danger 
that dust from the shop atmosphere 
shall infiltrate into either the tack-rag 
or the spray booth. 

The body mounted on the special 
jig, on which are also carried any other 
parts, such as the radiator grille, which 
have to be painted but are assembled 
later, enters the finishing plant through 
the tack-rag booth, see Figs. 3 and 4. 
In this booth the surfaces to be painted 
are wiped down with tack-rag to pro- 
duce perfectly clean surfaces and to re- 
ceive the coats of synthetic enamel. 
This booth is 25ft long and is lined 
with galvanized sheeting. For greater 
cleanliness, the sheeting is covered with 
a white latex solution that can easily 
be peeled off and replaced when it be- 
comes dirty. Air extraction from this 
booth is effected practically at floor 
level. 

From the tack-rag booth the body 
passes through a 15ft tunnel and then 
enters the spray booth, see Fig. 5, 
which is 48ft long. At maximum con- 
veyor speed the body is in the spray 
booth for sufficient time to allow two 
coats to be applied wet-on-wet by four 
operators, working two on a body. The 
conditioned air enters from the top of 
the booth and is extracted through 
floor gratings and scrubbing sections. 
On its passage it carries with it any 
excess spray which settles on the water 
under the floor booth. Water for the 
spray booth is supplied through four 
150 g.p.m. pumps. 

At present the Rover “75” can be 
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supplied in any one of five colours, but 
provision is made in the spray booth 
for using six colours. There are, 
therefore, six supply lines from the 
central paint-mixing department, and 
there is continuous circulation of paint 
between that department and _ the 
spray booth. On each line provision is 
made for connecting up to spray guns 
at four points. 

There is considerable variation in 
pigment from one colour and another, 
and for optimum results different vis- 
cosities must be used for different 
colours. For the colours now in use 
the viscosities range from 1g seconds 
to 26 seconds (Ford 4 cup). The fluid 
pressure is important from the point 
of view of paint economy and the 
atomizing pressure from the point 
of view of quality of finish. Even with 
the most efficient spraying a consider- 
able amount of paint is wasted, but if 
too high a pressure is used, the opera- 
tor is inclined to spray from a con- 
siderable distance and thereby wastes 
paint unnecessarily. For these reasons 
the spraying pressures are controlled. 

Good lighting is essential in a spray 
booth. In this plant it is provided by 
banks of fluorescent tubes in the 
canopy of the booth. These tubes are 
so- placed that the light comes from 
above and behind the operator. As 
the body is mounted on 2 variable 
angle jig, all spraying is carried out 
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from one side and always at a height 
convenient for easy working. 

From the spray booth, the body 
passes into a flash-off tunnel 22ft long. 
At maximum conveyor speed this gives 
a flash-off period of approximately 
seven minutes. Experiments have 
shown that this period of flash-off 
gives the most satisfactory results. 

Normally, the final bake oven is de- 
signed to maintain a constant tempera- 
ture of 270 deg F, at which the body 
is baked for 45 minutes. The time 
and temperature can be altered if 
necessary to suit production exigen- 
cies. Such alterations do not affect the 
quality of the final product, since syn- 
thetic enamels can be fully cured over 
a fairly wide temperature range by ad- 
justment of the baking time to suit the 
temperature. 

A perfectly clean atmosphere in the 
final bake oven is a fundamental neces- 
sity when synthetic enamels are used. 
Therefore, any marked turbulence in 
the oven atmosphere must be avoided. 
For this reason the oven has been de- 
signed for purely convective heating, 
effected by three zones of gilled tubes 
with high-pressure hot-water service. 
Each zone has independent thermo- 
static control. As there is a continual 
passage of bodies into and out of the 
oven, the design embodies a sealing 
vestibule with an air curtain heat seal 
at both the entrance and the exit. 


AUTOMATIC TRANSMISSIONS 
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The decision to employ purely con- 
vective heating raised one problem, in 
that the temperature of the oven 
atmosphere is not necessarily the tem- 
perature of the body. If exposed for 
a long time to the oven atmosphere, 
the body would naturally eventually 
reach the same temperature, but in a 
process of this nature it is obviously 
highly desirable that the conditions be 
accurately established. Therefore, 
tests were carried out by passing 
bodies through the oven with thermo- 
couples attached at various points. 
From the temperatures indicated by 
the thermo-couples and by the ther- 
mograph readings of the oven atmo- 
sphere temperatures, it has been pos- 
sible to correlate body temperatures and 
oven atmosphere temperatures for 
every condition that will be encountered 
in working this plant. 

Although there is general agreement 
that a synthetic enamel gives a more 
durable finish, there are still many 
people who doubt whether it is pos- 
sible to produce consistently a finish 
that will, in visual appeal, equal the 
normal cellulose finish. The Rover 
Co., Ltd., have, however, proved that 
by exercising strict control of all rele- 
vant factors and by carrying out the 
processing in well-designed plant, the 
greater durability of the synthetic 
enamel finish can be obtained without 
undue sacrifice of appearance. 


Optional Equipment on Studebaker and Chevrolet 1950 Models 


WO new automatic transmissions 
are to be embodied in 1950 
American cars, according to Auto- 
motive Industries. The first of these is 
the fully automatic transmission de- 
signed by Borg Warner and developed 
in conjunction with Studebaker. It is 
offered as optional equipment at extra 
cost on Studebaker passenger cars and 
is essentially a three-speed transmission 
with the normal forward position com- 
prising two automatic speed ranges and 
having a direct clutch cutting out the 
torque converter and planetary system 
when in direct drive. The three-ele- 
ment torque converter of fabricated 
construction is used in conjunction 
with two epicyclic gear sets, a multiple 
disc clutch, a single plate hydraulically 
operated clutch running in oil for 
direct drive, and the necessary control 
gearing, including a centrifugal gover- 
nor that controls the action of the 
direct drive clutch. Other features of 
the transmission are automatic locking 
when a stop is made in direct drive on 
an upgrade. This takes the place of 
the hill-holder and is released instan- 
taneously when the accelerator pedal is 
depressed. A positive “no creep ” de- 
vice is also provided for driving in 
traffic conditions, and operates an auto- 
matic arrangement for setting the rear 


wheel brakes as the brake pedal is de- 
pressed for a traffic stop. 

The torque converter is air-cooled by 
means of an eight-vaned sheet metal 
baffle attached to the pump element 
and forming a centrifugal fan. Air is 
directed into the unit through an intake 
opening in the bell housing and enters 
the annular space between the baffle 
and pump where it scrubs the surface 
of the torque converter. 

The maximum torque multiplication 
at stall is about 2.15: 1 and occurs at an 
engine speed of 1,500 r.p.m. Another 
feature of interest is the kick-down 
control from top to second. A rear axle 
ratio of 3.54: I is used with this trans- 
mission, compared with the conven- 
tional axle ratio of 4.55:I or 3.19:1 
when over-drive is engaged with the 
standard over-drive equipment. 

Considerable interest attaches to the 
second of the new transmissions, since 
it is optional equipment at extra cost 
on the Chevrolet car which falls in the 
low price group. Known as the 
Powerglide torque converter, it com- 
prises a five-element torque converter 
in which not only are the stators 
mounted on free-wheels, but also the 
secondary pump. The transmission 
unit consists of a planetary gear set and 
the customary multi-plate clutch. 


At stall speed the torque multiplica- 
tion is about 2.2:1 and at this point 
both primary and secondary stators are 
fully locked by their clutches, while 
the secondary pump is overrunning 
the primary pump to reduce shock loss. 
As the torque converter gains speed 
and the demand for torque multiplica- 
tion begins to drop, the secondary 
pump slows down and locks to the 
primary pump hub, so that both the 
pump elements then form a single unit 
right through to the fluid coupling 
phase. As the torque multiplication is 
reduced, first the secondary stator and 
then the primary stator enter the free- 
wheeling phase. 

An entirely new feature in automatic 
transmissions is the Ovezrun coupling, 
which is in effect an auxiliary fluid 
coupling within the torque converter. 
It consists of two vaned wheels located 
between the inner concave surfaces of 
the primary pump and turbine, one 
being attached to the pump, the other 
to the turbine. This coupling element 
provides additional engine braking and 
also permits push starts to be made in 
emergency at a speed of only 12 to 15 
miles an hour. Each of the elements of 
the torque converter is built up from 
steel stampings spot welded and copper 
brazed into an integral unit. (1881) 
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ALUMINIUM IN ROAD TRANSPORT 


Extracts from a Symposium on the Uses of Light Alloys 


HETHER the present-day design 
of motor vehicle makes the best 
use of light alloys is not a question 
that admits an easy answer. Many factors 
must be considered, and even then the 
answer will depend upon the weight 
attached to the various factors. For 
example, one designer may lay great stress 
on weight saving and consequently wish 
to make the maximum possible use of light 
alloys, whereas another may consider first 
cost of greater importance with a conse- 
quent limitation on the use of light alloys. 
This is, however, a question that does 
require very serious consideration, and 
to provide authoritative bases The 
Aluminium Development Association re- 
cently arranged for a symposium on 
“Aluminium in Road Transport.” 
The symposium comprised six short 
papers :— 
(1) Aluminium in commercial vehicles. 
(2) Aluminium in public _ service 
vehicles. 
(3) Aluminium in the private car. 
(4) Properties and _ fabrication of 
aluminium. 
(5) Aluminium vehicle maintenance. 
(6) Aluminium from the users’ angle. 
Each of the papers contained much to 
interest automobile engineers. It is not, 
however, possible to print them in extenso, 
nor even to give an abridged version of 
each paper. All that can be done, is to 
give abridged versions of two papers. 


Aluminium from the users’ 

angle* 

At the onset, it seems desirable to 
examine the question of viewpoints. 
the viewpoint of the user differ from that 
of the manufacturer or is it merely another 
aspect of the same viewpoint? In my 
opinion, both user and manufacturer are 
looking for the same thing, which may 
broadly be defined as performance. For a 
specific transport facility this implies re- 
liability, low running costs and low 
maintenance costs. Both user and manu- 
facturer relate these requirements with the 
cost of material, manufacture and 
marketing. 

The one factor which both fear is 
instability of supply or price, and this 
brings us to our first basic problem. The 
raw material of our steel, except for some 
alloying elements, is in ‘the main an in- 
— product but we have no source 

aluminium and all must be imported. 
This raises the hazard of possible inter- 
ruption of supplies or fluctuation of price 
in circumstances beyond our control. We 
have bitter experience of how foreign con- 
trol can interfere with our internal 
economy. In the event of war it may be 
physically impossible to transport supplies, 
and stock piling is a cumbersome and 
uneconomic procedure. This fact cannot 
be ignored but should not be over- 
emphasized. 

Over a period of twenty years the price 
of aluminium per ton fell from the maxi- 
mum of £130 to £75 per ton. The price 
was reduced to £67 per ton in April, 1946, 
but from January, 1947, to July, 1949, it 
rose twenty per cent and devaluation has 
since pushed it up a further twenty per 





* By ee Smith, Director, Associated Iliffe 
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cent. Devaluation, of course, did not 
affect the price of home-produced steel. 
This demonstrates a relative weakness of 
aluminium. 

On a straight comparison of a car made 
mainly of steel or of aluminium I do not 
think the user would object to the addi- 
tional cost. With light alloys he would 
obtain a highly attractive vehicle which 
could give him either a better performance 
for the same running cost, or the same 
performance as he obtains from his 
present-day car with lower running costs. 
In short, the price differential of the two 
metals is of secondary importance to the 
respective supply and price stability. 

s to the desirability of scientific weight- 
saving on cars I have no doubt whatever, 
but living in a period of particularly 
troublous times in an imperfect world, 
caution is necessary in translating the de- 
sire into a practicability. As already men- 
tioned, different techniques are required 
for the production of steel or aluminium 
components and structures, and it is not 
easy at present to undertake the wholesale 
change of dies, tools and methods and 
re-education of personnel. 

Undoubtedly, if we are to reap the 
maximum benefits of weight reduction, we 
have to redesign the car as a whole rather 
than by piecemeal substitutions. How- 
ever, until one manufacture, bolder than 
his competitors, puts into production a car 
specifically designed to eliminate all un- 
necessary weight it will be better to make 
step-by-step advances. Continuous pro- 
gress towards the ideal is preferable to 
awaiting fortuitious circumstances which 
may render the ideal possible. 

This policy would imply a careful sur- 
vey and a selection of parts for sequential 
change to light alloys or plastics. In the 
normal course of development, compo- 
nents or equipment due for modernization 
would be designed to enable lighter 
materials to be substituted. At convenient 
intervals, such as the introduction of a 
new model, when a certain amount of 
re-tooling has to be effected, one or more 
of the larger components of the power 
unit, running gear or structure could be 
designed specifically for the new metal. 

In this manner, I suggest, the change 
can be accomplished without shock to the 
metal producer, the manufacturer or the 
owner, and there would be time and scope 
for sound selection of the best material 
and the best design. The user would 
receive a progressively better vehicle and 
there would be little risk of an adverse 
reaction being engendered which might 
prejudice the change. Thus, I would not 
advocate the “aluminium ” car as opposed 
to the “steel” car—but merely a better 
and lighter one, with all that those terms 
imply. 

Given good suspension, steering road- 
holding, the liveliness and performance of 
a car is entirely a question of power/ 
weight ratio. We are still prone to har- 
bour the old idea that British cars with 
high-efficiency engines have a better ratio 
than foreign cars, but examination of cur- 
rent productions will show this to be 
fallacious. Designers strive continuously 
to improve the power output of their 
engines but far less attention is devoted 
to the total weight of the vehicle, in 
marked contrast to the aircraft industry. 


Discriminate use of light alloys for un- 
sprung parts of vehicles would improve 
the riding characteristic as well as reduce 
weight. At the rear, axle casings and 
wheels in light alloys could markedly im- 
prove the comfort of rear seat passengers. 
In the case of wheels, precautions must 
be taken to prevent the transmission of 
heat from the brake drums to the tyres. 

Comparing current cars having engines 
of 33- to 4}-litre (198 to 259in°) swept 
capacity we find the average of eight 
British models is :— 


asx. power: ........ 113. b.h.p 
eT ee 4,045 Ib 
Power/weight ratio .. 1:35.8 
while eight American cars averaged : — 
DASE DOWET wos. os 102 b.h.p. 
OT fi. ae 3,324 Ib 
Power/weight ratio .. 1:32.6 


Turning to the smaller British cars, 
which constitute the highest volume of 
production, fourteen models with engines 
up to 14-litre capacity average : — 


DARE DOWET - 0S... 40.5 b.h.p. 
DOLe WEE 2.585 5's 2,280 Ib 
Power/weight ratio .. 1:56.3 


One would expect the smaller vehicle 
to be relatively heavy, but hardly to the 
extent shown. Undoubtedly, there is 
scope for improvement in this respect. 

The higher cost will automatically en- 
sure that aluminium is used only where 
some definite advantage can be expected. 
At present, as relatively little is used, the 
fear of frequent and drastic alteration of 
price is of little significance although in 
a car predominantly of aluminium it could 
be a serious factor. An American estimate 
of the material for a 284-cwt car was 93} 
per cent iron and steel and 6} per cent 
all other materials, including glass, rubber 
and fabric. My estimate is that on a 
modern 10 h.p. car at present weighing 
about 18 cwt, at least 3 cwt could be saved 
by the judicious use of light materials. 
There is no doubt we are trundling a lot 
of unnecessary metal along our roads at 
present at an expenditure of fuel that we 
can ill afford. 

The extra cost of the car to the pur- 
chaser, sometimes quoted as 1s for each 
lb weight saved, would be a good invest- 
ment. Apart from the pleasure of hand- 
ling a more lively car, many incidental 
advantages would accrue in addition to 
reduced fuel consumption. To be rid 
of the menace of corrosion of bodywork 
would relieve the owner of an ever-present 
worry and save him a heavy item of de- 
preciation. In general, the car owner is 
not specifically weight conscious, but he 
objects strongly to a sluggish car. He is 
not specifically metal conscious, and will 
take the car offered by a reputable manu- 
facturer, whatever his selection of the 
constructional materials may be. His de- 
mand is for better performance, more com- 
fort and, if possible, lower running costs. 
It is thus primarily a manufacturing and 
metallurgical problem. 

Aluminium pistons are now fitted to all 
cars—and there is increasing use of 
aluminium cylinder heads. In the case 
of overhead-valve engines some extra ex- 
pense is incurred in the provision of valve- 
seat inserts. Although light alloy pistons 
and heads confer only a modest saving of 
weight, their use enables higher compres- 
sion to be adopted for the engine and its 
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power output to be increased. Thus the 
desires of the purchaser are to some extent 
met as the power/weight ratio is improved. 

It is not without significance that 
aluminium has been more widely adopted 
for commercial and public service vehicles 
than for private cars. These vehicles are 
purchased and operated by hard-headed 
men strictly on their performance and 
earning capacity. You will have observed, 
however, that they are invariable com- 
posite structures. This is the obviously 
practical approach to the question—to use 
the metal most appropriate to the 
particular duty. 

Light alloy bodywork, structure and 
panelling, is becoming accepted practice 
for our double-decker buses. In some 
instances light alloy is used throughout 
but in others a steel framing is retained 
for the lower saloon. Extruded sections 
figure largely in these body framings and 
can effect considerable economies. 

Turning again to the private car, 
standardization and type reduction would 
facilitate development and call for parts 
in numbers sufficient to justify new pro- 
duction methods and equipment. It may 
necessitate specialist departments in large 
companies, or bought-out supplies from 
specialist producers by smaller firms. In 
the long run, this would be to the owner’s 
benefit and need not rob a particular car 
of its individuality. The owner does not 
object to standardized or _ specialist- 
produced pistons, cylinder liners, valves, 
frames, bodies, brakes, starters, dynamos, 
batteries and many small fittings. A multi- 
tude of minor components could be cast, 
forged, fabricated or fashioned from 
extruded light alloys. 

In 1948, when steel was in short supply, 
an American manufacturer investigated the 
substitution of light alloys for steel and 
listed 87 suitable components of which 
43 were deemed practicable for immedi- 
ate changeover. Some development may 
be necessary before the larger body press- 
ings can be produced economically in light 
alloys. Deep pressing technique for steel 
sheet is well established but light alloys 
may require pressing in a sequence of 
steps with interposed annealing treat- 
ments. 


Aluminium in the private cart+ 


Although aluminium has been used for 
many years for panelling custom-built 
passenger cars and for certain selected 
components on quantity-produced cars, it 
is proposed to consider in this Paper the 
usage of aluminium on the pressed sections 
of a quantity-produced car to the maxi- 
mum or full extent, and to deal with the 
material and design together with the 
engineering and tooling aspects only. 

In my opinion a work-hardening alloy 
with 2 to 3 per cent magnesium, or the 
1} per cent manganese alloy is the only 
type worthy of consideration. High 
strength alloys involve heat treatment 
attended by distortion and they have lower 
ductility and cannot be = satisfactorily 
welded. Commercially, pure aluminium 
possesses such low strength that little 
weight would be saved compared with 
steel. Alloys with a higher percentage of 
magnesium show reduced ductility, but 
they could be used for brackets or rein- 
forcements where no deep drawing is in- 
volved and strength is necessary. 

In order to simplify the welding 
problem, the use of one alloy throughout 
is recommended with variation in the 
hardness values according to requirements. 
For deep-drawn outside panels, however, 
only the soft or deep-drawing quality has 


+By E ae White, A.M.I.Mech.E., Technical 
Engineer, British Light Steel Pressings, Ltd. 
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sufficient ductility to produce approxi- 
mately the contours now fashionable on 
modern cars. 

If a radical change were introduced in 
the outside shape of the car, and a box- 
like vehicle adopted, half hard temper 
might be used but it is here assumed that 
the public would not accept such an 
appearance and that a fully contoured out- 
line would be necessary. 


Design and engineering 


Before the first line of the car is put 
on paper, it is obvious that an entirely 
new approach is necessary in order to 
achieve success. From my own know- 
ledge I can say that apart from a recent 
French baby car no serious approach has 
been made to date to make a success of 
a quantity-produced production car with 
the maximum or complete application of 
aluminium alloy. 

Bearing in mind that a work-hardening 
alloy is being used in the soft condition, 
every effort must be made to ensure that 
a hardness equivalent to “half hard” is 
obtained in the finished pressing. This 
will only be achieved by cold work in the 
press, and success or failure will depend 
almost entirely on the skill of the designer 
in avoiding flat areas in the outside shape 
of the sheet metal work. Where adequate 
curvature cannot be provided in one 
direction, the introduction of mouldings 
or reveals in vulnerable areas will be vital. 

It is appreciated that a final shape 
acceptable to the public must also be 
achieved, and if the designer is unable to 
fulfil the requirements mentioned then the 
only alternative is to use } hard material; 
but as the ductility of this temper is con- 
siderably less than that of soft sheet, the 
pressings or stampings chosen for this 
grade must be shallow ones without any 
severe localized stretching which would 
only result in splits. Furthermore, the use 
of this grade might result in a greater 
number of pressings being required, with 
resultant higher cost due to the greater 
amount of fabrication. 

Sketches of an outline of a car and 
certain sections are given as Figs. 1-4 
to explain the author’s views on the differ- 
ences between curvatures acceptable for a 
work-hardening alloy and those at present 
adopted in steel. In general, the aluminium 
car will look much more rounded and 
bulbous and lose some of the sleekness 
achieved by the comparatively slight 
curvatures with severe corners which are 
popular in many cases to-day. 

The foregoing remarks have dealt with 
the outside curvature of the car. 

In considering the inside panels and 
reinforcements, the use of half hard or in 
certain cases even hard temper, may be 
considered, the choice of material being 
entirely controlled by the type of pressing 
or stamping involved, for the aim is to 
obtain maximum strength. In the 
assembly of these sections, however, great 
care must be taken by the engineer to 
see that gas welding is reduced to the 
minimum and then only at the less critical 
points, because the metal will be in the 
annealed condition adjacent to the weld. 
It is therefore recommended that spot 
welding or even riveting should be adopted 
to the maximum extent to avoid softened 
areas. 

The essential requirements for the 
maximum utilization of aluminium alloy 
in a production car are, therefore, the 
saving of weight and the reduction of 
additional cost. To achieve these objects, 
the following recommendations are 
made : — 

(a) Adequate curvature on _ outside 

panels, with absence of flat or 
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severely shaped areas. This will 
enable a } to 3 hard condition to 
be obtained from the press, using 
a work-hardening soft grade alloy 
with ultimate tensile strength of 
14-ton/in* and yield of 7-ton/in* 
rising to approximately 16-ton/in* 
and 12-ton/in* respectively in the 
finished pressing. 

The thickness of this material 
should be 0.054in to 0.0§6in, com- 
pared with 0.036in to 0.039in in 
steel, so saving 50 per cent in 
weight. 

(b) The use of the hardest possible 
temper on inside panels and rein- 
forcements, and the exclusion of 
gas welding at any localized points 
of stress. 

(c) The provision in the design for 
all joints to be visible—to the ex- 
clusion of any soldering or metal 
finishing. 


Tooling 


Provided the designer and engineer had 
fulfilled the requirements laid down in the 
previous sections, the job of the planner 
and tool designer would not be difficult. 
Experience has shown that aluminium 
rarely requires draw beads as the metal 
has insufficient strength initially to with- 
stand stretching to the same degree as 
steel. The tool designer must work 
closely with the engineer and reject any 
conditions or panel edges calling for a 
reversal of a flange from its original 
drawn condition from the press. The 
metal will have so work-hardened at this 
point that only splitting will result in a 
cam die. Hammer forming in such a 
condition should only be entertained with 
caution. 

The general design of dies for 
aluminium alloy pressings follows ortho- 
dox requirements as for steel pressings 
but the depth of the draw must be re- 
stricted. 

As a_ general guide deep-drawing 
quality, soft aluminium alloy, with a mag- 
nesium content of 3 per cent can be 
expected to draw to two-thirds the depth 
of deep-drawing quality steel. Any 
attempt by the tool designer to exceed 
this figure invariably results in a split or 
loose pressing requiring rectification, 
probably by a skilled man. 

Particular attention must be paid to the 
depth of draw in the window openings 
and the radii, and in the case of outside 
door panels I would recommend restric- 
tion of the draw so that } hard material 
could be utilized. Experience has shown 
that it is very difficult to obtain full work- 
hardening of the metal of such a panel 
in the press. 


Conclusion 


Having outlined certain aspects of the 
problem of the extensive usage of 
aluminium alloy in a passenger car, I will 
conclude by saying that such usage is 
possible under those rigid conditions, 
mentioned under sections Design and 
Engineering, and Tooling. It is felt that 
for the under-sections of the body such 
as would be encountered if the unitary 
construction is decided upon, these should 
be made in heavier gauge material rather 
than lighter gauge with multiple spot 
welding or jointing problems. The aim 
in this area should be to reduce the 
number of joints to the very minimum. 
Initial costs would be heavy owing to the 
fact that every pressing would have to 
be very carefully studied to ensure that 
the material temper, the shape for press- 
ing, and the welding conditions were the 
best possible. 
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LEYLAND-MLG.W. “OLYMPIC” BUS 


A Single Deck Vehicle Produced in Conjunction with Metropolitan- 
Cammell-Weymann Motor Bodies, Ltd. 


RODUCTION has now begun of 
the Leyland-M.C.W. “Olym- 
pic” single-deck bus which is 

produced jointly by Leyland Motors, 
Ltd., and Metropolitan-Cammell- 
Weymann Motor Bodies, Ltd. The 
vehicle is of chassisless construction 
and the engine is mounted under the 
floor. For the British market a 40- 
seater vehicle is standardized, having 
a wheelbase of 15ft 7in, an overall 
length of 27ft 6in and an overall width 
of 7ft 6in. For overseas service three 
models are offered as follows :—(A) a 
36-seater on a wheelbase of 15ft rin, 
having an overall length of 29ft 3in 
and an overall width of 8ft, (B) a 40- 
seater on a wheelbase of 17ft 6in, 
having an overall length of 31ft 8in, 
and an overall width of 8ft, and (C) a 
44-seater on a wheelbase of 2o0ft 4in, 
having an overall length of 34ft 6in 
and an overall width of 8ft. All over- 
seas models can be fitted with either 
right- or left-hand control. 

The basis of this integral construc- 
tion is a system of longitudinal chan- 
nel section members with channel sec- 
tion cross members forming an under- 
frame. This structure, which is not in 
itself stiff enough to replace the conven- 
tional type of frame, is reinforced by 
the side panels of the body and, in 
conjunction with the vertical pillars 


. 





sis aps © 
ineliaclcltietinon tent 


al Disiemut 








Leyland-M.C.W. ‘“‘ Olympic ’’ home model. 


and the roof, forms what is, in effect, 
a light but extremely stiff box-section. 

The under-frame is of steel, with 
the pillars, outer panels, longitudinal 
members, roof framing and roof 
panels in aluminium alloy. A substan- 
tial aluminium alloy bumper is carried 
all round the vehicle and the outer 
panels from the bumper rail to the 
waist line are of heavy gauge and form 
part of the load carrying structure. 
Below the bumper rail the outer 
panels are either in the form of de- 
tachable valances or easily replaceable 
panels. Snap-headed rivets secure 
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Main structure looking forward. 


the outer side, end and roof panels. 

As shown in the illustrations, addi- 
tional bracing is provided between the 
pillars adjacent to the wheel arches, 
and at all junctions between main 
structural members the joints are re- 
inforced by diamond-shaped plates. 
The wheel arches are of stainless 
steel. 

In all models, a completely flat floor 
is provided and for the home market 
the passenger entrance is at the front 
on the near-side. Overseas models 
have two passenger entrances, one at 
the front and one just forward of the 
rear axle, and an emergency exit is 
provided by a door on the non-load- 
ing side of the vehicle. On the home 
model the emergency exit is at the 
rear. 

Ventilation 

The whole of the under-fioor por- 
tion of the vehicle, including the un- 
der-side of the floor and the inside 
surface of the sides, ends and roof, is 
sprayed with a protective and sound 
deadening compound, which in the 
case of the export models provides a 
heat insulating medium. On the home 
model, ventilation is provided by two 
louvred intake ventilators mounted 
above the windscreen, with two addi- 
tional intakes in the roof just behind 
the windscreen corners. In conjunc- 
tion with four static-type extractor 
ventilators spaced along the centre of 
the roof, a continuous flow of air is 
maintained. 

A more elaborate system is neces- 
sary for overseas vehicles and com- 
prises two electric suction fans in the 
front part of the roof drawing air 
through intakes formed in the top of 
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Front axle and divided track rod. 


the windscreen and forcing it into 
ducts within the curved sides of the 
roof lining panels. Suitable outlets 
in the ducts ensure an even distribu- 
tion of air throughout the saloon. 
There are static-type extractor venti- 
lators in the roof and two large 
hinged ventilators are located in the 
front end panel between the 
bumper rail and the bottom of the 
front windows. This forced ventila- 
tion system is quite independent of 
any heating system that may be fitted. 


Horizontal engine 


All the mechanical units are sus- 
pended from the under-frame. The 
engine is a horizontal six-cylinder 
direct injection diesel having a bore 
and stroke of 4-8in by 5-5in, giving 
a swept volume of 597 cu in. It de- 
velops a maximum torque of 410 lb. 
ft. at 900 r.p.m. and gives a minimum 
specific fuel consumption of 0-34 
pints per brake horse-power per hour, 
and a maximum specific fuel con- 
sumption of 0-36 pints per brake 
horse-power per hour. This engine 
was described in detail in the Auto- 
mobile Engineer for September, 1949. 

Since the power unit is mounted 
approximately amidships and to the 
right-hand side of the vehicle, an ex- 
tension shaft from the front end of 
the crankshaft is provided to drive the 
194in did. six-bladed fan by means of 
triple V-belts. The fan is housed in a 
cowl behind the flat tube stack-type 
radiator, located low down near the 
front of the vehicle. An additional 
belt from the fan pulley drives the 
dynamo. The fan runs at 1-5 times 
engine speed. 

In unit with the engine is the clutch 
and gearbox. The clutch is of the 
single dry plate type and is 16}in in 
diameter. It has a flexible centre and 
is faced with }in thick linings on the 
flywheel side and Zin thick linings on 
the pressure plate side. The Ley- 
land gearbox gives the following 
ratios: top I to 1, third 1-59 to 1, 


second 2-63 to I, first 5 to I, reverse 
6-13 to 1. Synchromesh is provided 
on top, third and second speeds, and 
the constant mesh third and second 
speed gears are helical. Positive lubri- 
cation is provided by means of a 
pump. 
Spiral bevel axle 


A single-stage propeller shaft with 
Hardy Spicer universal joints trans- 
mits the drive to the spiral bevel rear 
axle. This is of the fully floating type 
and the casing is of composite con- 
struction consisting of a cast steel 
centre to which tubular side pieces are 
bolted. The standard ratio is 4-111 
to I, but alternative ratios of 4-625 
or 5-143 to I can be obtained. 

The pinion is straddle mounted, 
the shank being carried in a double 
row ball bearing, whereas the 
nose is carried in a roller bearing 
housed in the main bearing housing 
of the double row ball bearing 
that supports the differential cage. 
The other end of the differential cage 
is carried in a single roller bearing. 
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Although a conventional front axle 
in the form of an I section beam is 
embodied, the steering layout is un- 
usual in that the track rod is divided. 
From each steering arm on the stub 
axles a rod extends to one arm of a 
bell crank pivoted from the axle 
beam. The rods are of unequal 
length, since the bell crank pivot is 
slightly off centre. To the other arm 
of the bell crank is attached the long 
drag link extending forward to the 
steering box drop arm. The steering 
box itself houses a Marles cam and 
double roller mechanism. It is 
claimed that this steering layout gives 
improved steering geometry and more 
even tyre wear. It is also stated that 
the steering is positive, light and free 
from transmitted shocks. 


Braking systems 


Clayton Dewandre vacuum braking 
equipment is fitted on the home 
models with separate vacuum cylin- 
ders mounted adjacent to the brake 
drums. Export models have Westing- 
house air pressure brakes. The brake 
drum diameters are 162in front and 
rear with a lining width of 4in at the 
front and 6in at the rear. A total 
braking area of’ 577 sq in is available 
with the foot brake, whereas an area 
of 342-5 sq in is available for the 
hand brake which operates on the rear 
wheels only. 

Semi-elliptic springs are fitted all 
round and have a width of 4in with 
a length of 60in at the front and 62in 
at the rear. Bonded rubber bushes 
are fitted at the shackle pins. The 
front axle has Newton hydraulic 
dampers. 9 x 20 tyres are fitted, single 
at the front and twin on the rear 
wheels of the home model. Export 
models have 10 x 20 tyres with alter- 
native larger sections available. 
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Leyland horizontal power unit with gearbox, radiator and auxiliary drives. 
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SWEDISH PASSENGER TRANSPORT 


Some Notes on Present Day Bus and Coach Construction 


LTHOUGH Sweden became 
motorized at a comparatively 
recent date the number of pub- 

lic service vehicles in operation has in- 
creased greatly in recent years. 
Whereas in 1924 the number of buses 
on the roads was approximately 700, 
to-day the figure is reaching the 7,000 
mark and Sweden is second on the list 
of countries where buses are most 
widespread, reckoned on the number 
of buses per thousand head of popu- 
lation. The State Railways alone 
operate 1,500 feeder lines and nearly 
100 additional touring routes. 

The operating range varies from 
the pay-as-you-enter city type buses 
with an overall length of up to 38 feet 
to the latest trans-continental coach 
operated by the Karlsborg Busstrafik 
AB which is equipped with sleeper 
coach trailer and which did its initial 
trip Helsingborg-Paris last summer. 
This sleeper coach is built with 30 
berths in 10 compartments and has 
dressing room conveniences in addi- 
tion. It is hitched off the ordinary 
coach at night and saves the expense 
and sometimes inconvenience of pul- 
ling up at an hotel while on the 
journey. 

The standard type bus used in 
Sweden is the two- axle single-decker. 
Double-deckers have so far not 
“caught on” there. Three-axle 
buses have been tried but never 
adopted. Also articulated buses of 
semi-trailer type have been tried with- 
out becoming popular. 

Constructional standards differ in 












Hagglund and Séner coachwork for Trans-European services. 


Sweden from many of those obtaining den so far are those of the Stockholm 


in Britain. For instance, there is no 
fixed limit to the length of a bus, 


Tramways with an overall length of 
11-65m. (38 feet). Three-axle buses 























TABLE I. 
| 
VOLVO ENGINES AND CHASSIS 
Bore x stroke | Cubic Output Max. torque 
Type mm. capacity | BHP. | kgm. 
litres | 
yaa... ce - 100 x 130 6-13 95 (2,000 | 36 
| r.p.m.) 
| VB .. 5a i II§ xX 140 8-73 130 (2,000 | 52 
| r.p.m.) | 
| 
Chassis type Engine type Wheelbase Weight Gross Overall 
| m. chassis weight, length, 
only, kg. kg. m. 
Bs12 VDA 47 3,235 10,000 8-75 
Bs513 VDA 5:2 3,285 10,000 9°5 
B531 VDB 5°5 4,890 13,400 10°8 
B532 VDB 6:0 4920 13,400 116 





though this is governed by what the 
local licensing authority will pass 
when it examines a new bus. The 
longest two-axle buses made in Swe- 





Volvo chassis Type B512. 


have been built up to 12-5m. (41 
feet). Even longer buses are envis- 
aged for city and suburban use in the 
future. The maximum width allowed 
for most roads is 2:35m. (7 feet 83 
inches), but with special permission 
widths up to 2-45m. (8 feet) may be 
used. It is hoped that, at least for 
trolley-buses, up to a width of 2-60m. 
(8 feet 6 inches) will ultimately be 
permitted. 

The permitted axle-weights vary 
with different categories of roads, and 
in Sweden are not looked upon as 
being too generous, especially when 
for this purpose all passengers, 
whether sitting or standing, are 
reckoned at a weight of 75kg. (11 
stone 11 lb) each. Thus for some 
roads 4,000kgs. and for others 5,000 
kgs. and 6,000 kgs. are allowed. 
Occasionally 7/8,oookgs. are granted 
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for use in large towns where roads are 
first class. 

There is a fair number of oil-en- 
gined buses in use in Sweden, notably 
those using the Hesselman engine, 
made by AB Scania-Vabis, which has 
low compression and spark ignition, 
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per cent of the buses run in Sweden 
were made by Volvo. Their manu- 
facturing capacity is about 2,000 bus 
chassis per annum. Various factories 
make the different parts, including 
engine factories at Skévde and Troll- 
hattan and a gearbox factory at 
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type fastened to the chassis by eight 
bolts. The standard transmission is 
a torque converter on the Lysholm- 
Smith system. Large numbers of 
this type have been supplied to the 
Stockholm Tramways and are well 
suited to city work. These buses give 








but most of the new buses are diesel- Képing. The assembly is done at excellent riding comfort by virtue of 
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engined. The fact that diesel oil is Gothenburg. their good suspension and _ silent 
only about 75 per cent of the price of 
petrol is alone sufficient to encourage TABLE Il. 
The two most important chassis | SCANIA-VABIS ENGINES AND CHASSIS 
makers in Sweden are A. B. Scania- | 
Vabis, whose works are at Sédertilje, | | Number of | Cubic | Output, Max. torque, | 
and A. B. Volvo, of Gothenburg. Be- | Engine type | cylinders | capacity, | B.H.P. kgm. | 
tween them they ——- — the ‘| er | 
war for three-quarters of Sweden’s | re. | | 
newly built buses. The rest of the | saci | : i | Gaaepa ‘a 
buses consisted in the main of im- | D604 .. sis 6 8°47 a am ' | 49 ) 
H i i 5 r.p.m.) | 
ported American chassis fitted with D&o2 .. - 8 sid | P | Ye | 
Swedish bodies. Sweden imported | | (2,000 r.p.m.) | 
very few complete buses, being, like | | | ‘ 
ourselves, left-hand road users. One . 
notable exception was the Leyland | Weight, | Gross | Overall 
Tiger type which was put in use by | Chassis type | Wheelbase | chassis | weight | lengthm. 
the Stockholm Tramways in 1928 and | | m. only, kg. | kg. 
Seae ae ee od model for later Bis | pen peers | ia | 8-71 
. , 16 5°25 3,050 9,000 9°26 
Of the 345 buses registered in 1946 B20 4°70 35755 | 10,000 | 8-98 
there were 207 Volvo; 133 Scania- | B21 5°25 3,830 11,000 9°83 
Vabis, 4 Chevrolet and 1 Interna- | am 5-90 3,955 | 12,000 | —_ 
tional. Of the 665 vehicles registered 3t MR RE cece mn 


in 1947 there were 353 Volvo, 256 
Scania-Vabis, 16 Ford, 22 Chevrolet, 
7 Bedford, 4 Plymouth-Fargo, 3 In- 
ternational, 1 Studebaker, 1 Dodge 
and 2 Aerocoach. 

A/B Volvo only started making 
specially designed bus chassis in the 
years just preceding World War 2, 
though many coach bodies had been 
built upon the motor lorry chassis 
made by them. After the war, how- 
ever, they designed a new “ Bulldog” 
type of bus chassis with pre-combus- 
tion diesel engines, made in two sizes 
shown in Table I. 

If required Volvo supply the chassis 
with petrol engine. 

Incidentally, according to the 1948 
automotive register, 35 per cent of all 
trucks, 7 per cent of the cars, and 47 








Scania-Vabis have produced motor 
lorries and buses with a modernized 
diesel engine having a bore and stroke 
of 115 x 136mm. They are the oldest 
Swedish motor-vehicle works and in 
1931/32 designed and brought out 
the first “ Bulldog” bus with the en- 
gine well forward and fitted with 
sound and heat insulating casing. 

Their modern diesel engines and 
chassis are shown in Table II. 

Bus chassis types B15 and B16 take 
the four-cylinder engine. Types B20, 
B21 and B22 take the six-cylinder, 
B31 the eight-cylinder engine, which 
gives 180 b.h.p. at 2,000 r.p.m. It 
has an extremely light frame and the 
body must be of the self-supporting 


Steel section skeleton of Hagglund and Séner body. 


engine operation. They have rapid 
acceleration, easy steering and ample 
lock. More than 90 per cent of Stock- 
holm’s buses, in fact, are made by 
Scania-Vabis. 

This firm also fits a horizontal Ley- 
land engine to a similar chassis which 
makes it possible to have a door for- 
ward of the front axle. Another 
speciality of theirs is a trolley-bus 
which has the same mechanical parts 
as the type B31 but with electrical 
units supplied by the Asea Company. 
The output of Scania-Vabis is about 
1,000 chassis per anum. Chassis for 
petrol-driven engines are also made. 

Motor bus and coach bodybuilding 
in Sweden is not confined to a few 
firms, but is carried on by quite a 
number of factories, most of which 
belong to small independent organiz- 
ations. Many shapes and sizes are 
produced throughout the country, 
and standardization has not been 
achieved except within the one or 
two large firms who chiefly specialize 
in bodies for Volvo and Scania-Vabis 
chassis. 

There are, however, certain funda- 
mental common factors throughout. 
For instance, the cold of the Swedish 
winter demands some method of 
heating the vehicles and this is 
usually done by hot water radiators 
near the inside walls and connected 
with the cooling system of the engine. 
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Combined heating and ventilation, 
achieved by blowing fresh air through 
heating batteries, is also used. 

The bodies made by the larger 
firms have their own very definite 
characteristics. One of the oldest 
companies is AB Hiagglund and 
Séner, with works at Ornskodldsvik. 
This firm specializes in making bodies 
with steel section skeleton and 
wooden panelling. Each body is made 
up from a very few sections and all 
the joining of the sections is done by 
spot welding, special welding appara- 
tus of the firm’s own make being 
used. This gives great strength to 
the body, and in cases where 
accidents have occurred it has been 
found to remain remarkably rigid in 
contrast to some other types. 

These self-supporting bodies have 
been fitted in large numbers to the 
Scania-Vabis B31 to be used both as 
motor-buses and trolley-buses for 
the Stockholm Tramways. Hagglund 
have also made coaches for the firm 
of AB Linjebuss, who maintain a 
fleet of 25 modern vehicles for their 
regular trans-European _ services 
through Denmark, Holland, Belgium, 
Germany, Austria and Italy. 

These vehicles are equipped with 
such conveniences as pantry, refriger- 
ator, lavatory, revolving armchairs 
and, of course, must be as reliable as 
is humanly possible. The “Blue 
Wings” type bus of AB Linjebuss 
recently took first prize in an inter- 
national competition at Nice. The 
bus was judged excellent from the 
point of view of giving maximum 
passenger comfort. The Sas-Aba 
Scandinavian Airlines system has re- 
cently taken delivery of a number of 
buses with Hagglund’s steel-framed 
bodies. 

The Svenska Jarnvagsverkstaderna 
(Swedish State Railways) are also 
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AB Svenska Karosseri Verkstaéderna resin glued body on Volvo B532 chassis. 


constructors of motor bus and coach 
bodies at their workshops at Lin- 
képing and at AB Svenska Karosseri 
Verkstaéderna, Katrineholm. Between 
them they turn out about 600 bodies 
per annum. At Linképing various 
types of bodywork are constructed. 
In addition to the usual wooden and 
steel-frame bodies they also make 
self-supporting bodies with stressed 
skin. These bodies are made of thin 
pressed steel plate which serves as an 
inner panel, and they are remarkably 
light. 

An example of this type of construc- 
tion is a chassisless bus of stressed 
skin design turned out by Jarnvag- 
sverkstaderna, with total length 
10-1m (33 feet), width 2-2m (7 feet 
24 inches) and weight when empty 
5,000 kilos (11,000 Ibs). It is petrol 
driven and seats 40. These bodies 
have also been used on Scania-Vabis 
chassis B31. 

At the Svenska Karosseri Verk- 
staderna they make a completely dif- 
ferent type of body known as the 
Boxer. This body is made entirely 
from processed resin-glued wood and 
is very light and strong. Boxer 
bodies are built in two types, either 
on the chassis with the frame in- 


cluded or as a shock-absorbing con- 
struction without frame. Support is 
given by plywood sheets which also 
serve as inner panels. The floor is 
double, and the roof also partly so 
constructed. One of the qualities of 
this all-wood construction is that it 
appears to deaden the noise from the 
chassis. 

In order to test the rigidity of this 
type of body the rear end of a bus 
was loaded with weights to 4,000 lb, 
which made the front of the body tip 
off the ground on the rear axle. No 
sign of distortion was apparent. An 
example of this type is a bus built 
for city work on the pay-as-you-enter 
system for the Malm6 Sparvagar. Its 
glued body is fitted on a Volvo chassis 
B532 modified to a wheelbase of 
5:7m. The total body length is 
10:3m. (33 feet 10 inches) and it 
accommodates 23 seated and 47 
standing passengers. In _ British 
circles, this may seem an extra- 
ordinary proportion of standing pas- 
sengers, but in Sweden the standing 
passenger is expected on the pay-as- 
you-enter city and suburban services, 
and buses are constructed with space 
especially provided with this purpose 
in mind. 


CORRESPONDENCE 


Correspondence on subjects of technical interest is invited. The name and address of the writer must be given, though not necessarily 


for publication. 


THE OVER-DRIVE 


Sir—Your article on the over-drive 
published in the issue of October, 1949, 
raises a matter which is of considerable 
interest in this country. In my own 
position, I control a fleet of over 1,000 
vehicles, and, as a result of this ex- 
perience, and 20 years of private 
motoring, I have formed the opinion 
that some extension on the orthodox 
3-speed, or even 4-speed, gear box is 
necessary. My present car is a 16 h.p. 
Willys, fitted with a kick-down over- 
drive, and while this is fairly satisfac- 
tory for a “motor-conscious” driver, 


it has, as you mention, certain limita- 
tions. 

The 2-speed axle, also, has the diffi- 
culty of requiring a change of gearing 
in the speedometer cable, and, as well, 
a fairly complicated axle construction. 
One of the most popular heavy-duty 
trucks in my fleet is the G.M.C. Model 
270, fitted with 6-wheel drive, and in 
this truck a sth speed is available in 
the gear box. This 5th speed is an 
over-drive—the 4th is the direct 
ratio. / 

After experience with this gear box, 
I consider that a possible solution to 
the problem is to fit the passenger 


No responsibility is accepted by the Editor for the opinions of correspondents, and the right is reserved to omit any 
portion of a letter. If a reply by post be desired, a stamped addressed envelope should be enclosed. 


vehicles with a 4-speed gear box, hav- 
ing the 3rd speed as a direct drive, and 
the 4th as an over-drive. This would 
give an ample range of ratios without 
unnecessary complications, and with 
all ratios under positive control of the 
driver. Education of the public to use 
3rd speed for normal city or hilly 
country driving, would be easier, I 
should imagine, than education in the 
use of either a 2-speed axle or kick- 
down over-drive. Also, the cost of 
manufacture should not be very, great. 
Yours faithfully, ~ 
E. W. CORLESS, 
Melbourne, Australia. 








2 


Bat 











UP RR, 


PR i ies nc 


——- 
ES 


ae ah os 


MarcH, 1950 


AUTOMOBILE 
ENGINEER 


109 


THE STEYR DIESEL 


A Four Cylinder Layout Designed for Various Applications 


N the layout of the type WD 413 
engine, each cylinder constitutes 

a complete unit consisting of cyl- 
inder head, piston, connecting rod, 
liner, valves and rocker gear, which is 
common to engines of varying num- 
bers of cylinders. By thus increasing 
the quantities of each component pro- 
duction costs are reduced and service 
and spares facilitated. The complete 
range of engines comprises I- and 2- 
cylinder units with composite self- 
supporting grey cast iron crankcases, 
which are suitable either for tractors 
or stationary applications, and 4- and 6- 
cylinder engines of light alloy construc- 
tion designed for commercial vehicles 
and motor buses. The same engines, 
but with cast iron crankcase and with 
a heavy cast iron sump, which at the 
same time forms the oil reservoir, are 
used as stationary engines for emer- 
gency generating sets, pumps or simi- 
lar work. The 4- and 6-cylinder en- 
gines of fundamentally similar design 
but with a modified cylinder head and 





The Steyr WD 413 engine. 











SPECIFICATION 


Four cylinders. Bore and stroke 
110 mm. by 140 mm. Swept volume 
5.36 litres. Compression ratio 21 to |. 
B.h.p. 85 at 2,200 r.p.m. Maximum 
torque 30.2 mkg. at 1,350 r.p.m. 
Minimum specific fuel consumption 
178 grammes per b.h.p. hour. 

Separate cast iron cylinder heads 
with inserted pre-combustion chambers. 
Wet cylinder liners in aluminium alloy 
crankcase. Five-bearing chrome 
molybdenum steel crankshaft carried 
in steel-backed lead-bronze main bear- 
ings. Lead-bronze big-end bearings. 
Valves operated from mushroom tappets 
via push rods and rockers. C.A.V. 
injection equipment. 24-volt starting 
equipment. 





piston are employed as petrol engines 
for commercial vehicles. 

All Steyr engines of type WD are 
water-cooled four-stroke engines em- 
bodying a special combustion system 


with sub-divided combustion cham- 
ber called the Steyr Crossflow Swirl- 
chamber. Combustion begins in a 
precombustion chamber set at an 
angle of 40 deg to the cylinder axis. 
Air drawn into the cylinder during 
the suction stroke is forced by the 
rising piston through two holes care- 
fully dimensioned and positioned in 
the precombustion chamber where the 
special shape of the chamber gives the 
air an additional swirl. 

At the upper end of the chamber 
the pintle nozzle is located, which 
gives immunity against coking under 
inferior fuels and gives particularly 
quiet running. By the special design 
of the chamber very intimate mixing 
between fuel and air is achieved giv- 
ing a high combustion efficiency. 
Smooth and smoke-free combustion is 
claimed, due to the absence of high 
maximum pressures, with easy start- 
ing, also extended life of the moving 
parts, economical running over the 
full speed and power range, with a 





Injection pump and fuel lines. 
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Specific consumption curves. 


torque curve rapidly rising with fal- 
ling speed. 

The cylinder unit has a bore of 110 
mm and a stroke of 140 mm giving a 
capacity per cylinder of 1-34 litres. 
The compression ratio is 21:1. The 
inlet valve opens 10 deg B.T.D.C. and 
closes 40 deg A.B.D.C. while the ex- 
haust valve opens 40 deg B.B.D.C. 
and closes 10 deg A.T.D.C. The dry 
weight of the engine inclusive of fly- 
wheel and electrical accessories is 
2, ae 

The 4-cylinder engine gives an out- 
put of 85 b.h.p. at 2,200 r.p.m. in the 
vehicle. Maximum torque of 30-2 
meter kg. is obtained at 1,350 r.p.m. 
The lowest fuel consumption is 178 
grms/b.h.p./hr. On the test bed the 
engine is capable of a maximum out- 
put of 110 b.h.p. near the smoke 
limit. 

The cylinder head is a self-contained 
unit cast in high quality cast iron. 
The valves are slightly inclined away 
from the cylinder axis thereby facili- 
tating ample dimensioning of the port 
areas and permitting effective cooling 
of the bridge between the valve seats. 
Special care has been applied to the 
design of the inlet and exhaust ports 
to obtain, in connection with the com- 
bustion process, the most fayourable 
performance throughout the full 
speed range. 


Combustion chamber 


The combustion chamber is 
divided into two parts which are in- 
serted into the cylinder head. The 
lower part of the chamber which has 
the two orifices, is machined from 
heat-resisting chrome-nickel _ steel. 
Special consideration was given to the 
heat conductivity of this part by giv- 
ing it a conical seat in the head. An 
electrical heater plug is screwed into 
the side of the chamber to facilitate 
starting. Sealing between the cylin- 
der head unit and the liner is effected 
by means of a simple ring gasket. 

The cylinder head is spigoted on to 
the liner, the spigot protecting the 
gasket completely from the hot gases. 
Water and oil pass from the cylinder 
head to the cylinder block via pressed- 
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in tubes, the sealing being done by oil- 
and heat-resisting rubber rings. Each 
cylinder head is fastened down by four 
high tensile chrome steel studs in 
the crankcase, and it can be fitted and 
removed separately. 

The piston material is a special alu- 
minium-copper-silicon alloy, chill 
cast. The piston is as light as pos- 
sible to reduce the stresses in the 
crank mechanism to a minimum. 
There are four piston rings 3 mm 
wide and one oil scraper ring above 
the gudgeon pin, while below one oil 
scraper ring is provided. A fully 
floating gudgeon pin of chrome- 
molybdenum steel and case hardened 
is employed, and is located by circlips. 

The connecting rod is a high 
quality chrome steel forging of I-sec- 
tion. To facilitate easy removal of 
the piston and connecting rod 
through the cylinder liner to the top, 
the big end is split diagonally. The 
lower bearing half is fastened to the 
upper half by two high tensile steel 
screws, serrations in the contact faces 
of both parts preventing any relative 
movement. The big end bearing con- 
sists of a steel shell lined with lead 
bronze, and being grooveless it en- 
sures a completely undisturbed oil 
film. In a similar manner the small 
end bearing consists of a bronze bush. 


Five-bearing crankshaft 


The crankshaft is a chrome-molyb- 
denum steel forging, carried in five 
steel-backed lead bronze bearings. 
Large journal diameters, together 
with strong crank webs and large radii 
between journals and webs contribute 
to a robust, torsion-free shaft. The 
journals are surface hardened and 
ground. To reduce the main bearing 
loads, four counterweights are em- 
ployed. Lubrication of all the bear- 
ings is effected through the centre of 
the shaft, in the usual way. The 
lubricating oil is forced via the drilled 
crankpins and journals, so that the 
bearings are continuously supplied by 
oil under pressure and do not need 
to have grooves which disturb the oil 
film. 

By suitably arranging the oil dril- 
lings in the crank pins the lubricant 
is additionally cleaned, as any sedi- 
ment is centrifugally ejected into the 
hollow drilled crank pins from where 
it can be removed after the sealing 
end plates have been taken off. The 
oil pressure is taken to the gauge from 
the end main bearing, the pressure 
reading indicating the complete lubri- 
cation of the crankshaft. Oil reten- 
tion at the crankshaft is effected at the 
flywheel end by piston rings and at 
the front by an oil seal. 

The crankcase extends well below 
the crankshaft centre line and is cast 
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from heat-treated siluminium, high 
quality grey cast iron being employed 
for stationary applications. Special 
attention was paid to securing unim- 
paired stress flow between the cylin- 
der head and the main bearings, by pro- 
viding strong and carefully shaped 
ribs. As no measurable crankcase de- 
formations take place during running, 
and since the crankshaft is of very 
robust construction, high speed and 
high efficiency coupled with long 
bearing life have been achieved, it is 
stated. 

The bearing caps are located side- 
ways by a press fit in the crankcase 
to which they are secured by high ten- 
sile chrome-molybdenum steel screws. 
The cast cylinder liners are of the wet 
type and are interchangeable. The 
cylinder liners, being held down to 
the upper part of the crankcase by the 
cylinder heads, are free to expand 
downwards under the influence of 
heat. The lower part of the liner carries 
two rubber rings which form a seal 
with the crankcase. 


Valve mechanism 


The overhead valves are operated 
from the camshaft via chill cast mush- 
room tappets which run directly in 
the block and actuate push-rods and 
rockers mounted on plain bearings. 
Clearance is adjusted at the rocker by 
means of the usual screw and lock 
nut. Lubricating oil is fed to the 
rockers through the hollow push-rods 
and tappets which it reaches via a 
drilling in the crankcase that connects 
all the tappet bores. The case-har- 
dened camshaft is driven from the 
forward end of the crankshaft by 
means of helical gears. 

The C.A.V. injection pump which 
is mounted high on the off-side of the 
engine is driven from the camshaft 
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THE STEYR DIESEL (Continued) 
through a helical gear. The high 
position of the injection pump gives 
short high pressure pipes to the injec- 
tors and thus assists high speed opera- 
tion. 

The governor forming an integral 
part of the fuel injection pump is of 
the idling and maximum speed type. 
Additional governor springs for com- 
pensating action inside the governor 
flyweights, provide a steeply rising 
torque with dropping speed thereby 
reducing the need for gear-changes, 
especially in hilly country. 

The water-pump is mounted on the 
near-side of the engine behind the 
dynamo which is belt-driven from the 
crankshaft, the drive being transmit- 
ted through a simple, flexible dog- 
clutch. The circulating water from 
the pump goes to a distributing chan- 
nel cast integral with the engine block 
to supply each cylinder unit equally. 
From the engine block the circulating 
water passes into the head through 
two passages on either side of the pre- 
combustion chamber and is guided by 
means of ribs over the bridge between 
the two valve seats. The water then 
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leaves the head adjacent to the ex- 
haust ports from where it is collected 
by a manifold which leads it back to 
the radiator. 

The fan is of pressed steel con- 
struction and has six blades. It is belt- 
driven from the crankshaft, together 
with the dynamo. Tensioning of the 
belt is effected by raising the fan 
spindle by means of an adjusting 
screw. 

The gear-type oil-pump is driven 
from the forward end of the crank- 
shaft via helical idler gears. Cleaning 
of the oil takes place on the suction 
side of the pump by means of a 
strainer, while on the pressure side 
the oil passes through a filter of the 
Auto-Klean type, mounted on the 
nearside of the engine. The segments 
of the filter are rotated every time the 
clutch pedal is depressed. Within the 
oil circulation two spring-loaded pis- 
ton valves are arranged, one limiting 
the maximum pressure while the 
other acts as a by-pass for the oil filter 
and oil cooler. All oil passages are 
drilled into the wall of number one 
main bearing, thereby avoiding any 
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leakages resulting from pipe lines 
and pipe connections. The sump 
consists of a steel pressing the shape 
of which is designed to assist oil cool- 
ing. For especially severe engine oper- 
ating conditions in tropical countries 
a water-cooled oil radiator can be 
attached to the oil filter. 

The engine is started by an electric 
starter of 24 volts transmitting 4 
b.h.p. to the flywheel rim. To facili- 
tate starting excess fuel is provided by 
the injection pump. As an accessory 
for trailer braking a single cylinder 
air compressor can be incorporated 
delivering air at a pressure of 6 atmos- 
pheres. 

The inlet air passes through an oil 
bath tornado-type filter of fabricated 
steel construction which is mounted 
on the common inlet manifold. 

The engine is mounted at the front 
in a flat rubber block placed high 
while the rear end is suspended low 
down in rubber rings. This three- 
point suspension, the plane of which 
passes through the centre of gravity of 
the engine, provides a vibration-free 
mounting. 





RECENT PUBLICATIONS 


Brief Reviews of Current Technical Books 


Internal Combustion Engineering 


Revised by A. T. }. Kersey, Wh.Ex., 
A.R.C.Sc., M.I.Mech.E., F.Inst.Fuel. 
London: BLACKIE & SON., LTD., 66, 
Chandos Place, W.C.2. Third edition. 
1949. 63x93. 487 pp. Price 22s 6d. 
Several large volumes would be re- 
quired to adequately cover the subject 
of internal combustion engineering, and 
even so, they would quickly date in 
present times. This book is only con- 
cerned with a general survey of the con- 
struction, applications and operations of 
i.c. engines. It obviously does not deal 
with complex problems such as vibrations, 
fuel distribution in multi-cylinder engines, 
pressure waves, etc. These are dealt with 
in their own technical literature and to 
include such detail in what would have 
to be a drastically condensed form, would 
detract from the value of the book to 
the more practical engineer and the 
student. 

The first edition of this work was the 
product of several authors and although 
this arrangement has been: retained in 
its fundamentals, it was revised in the 
second edition, and has been still further 
revised and extended in this one. The 
book opens with a section devoted to gas 
engines and gas producers. In view of 
the fact that gas engines are becoming 
more and more obsolete every year, it 
is surprising that nearly a quarter of the 

k has been devoted to them whilst 
only a few pages have been given to gas 
turbines. The importance of the turbine 
is, however, appreciated by the author, 
who states in his preface that the de- 
scriptive matter concerning them will need 


supplementing from time to time by refer- 
ence to current literature. It is true that 
much information on this subject is still 
based on matters under experiment, but 
it is expected that future editions of this 
book will extend the space devoted to it. 

The object of the work is to indicate 
the trend of future developments and in 
order to do this in a practical manner, 
the fundamental principles that govern 
design are fully set out and illustrated. 

The section on oil engines includes 
marine as well as land stationary engines. 
Oil engines for road vehicles are dealt 
with separately. A shorter section is de- 
voted to motor cars, and this has been 
written by H. D. Teage and Montague 
Tombs of The Autocar. Various types of 
aero engines are described including 
radial, V-type, inverted and H-type 
engines and a chapter is devoted to pro- 
pulsion by gas turbines which includes a 
description of jet propulsion and turbojet 
engines. 

The book is well illustrated with 
sectional drawings, graphs, and photo- 
graphs of every type of engine. There 
are also a number of useful tables such 
as, for example, those giving the dates, 
names, tonnage, dimensions, makers, type 
and details of engines of the ‘leading motor 
ships from 1910 to 1936. Four folding 
line drawings are included showing sec- 
tions of the Petter Super-Scavenge oil 
engine, one of the “ Bermuda” engines, a 
cylinder of the Tiger VIII Armstrong- 
Siddeley aero engine and the Rolls-Royce 
Merlin engine. 

Whilst primarily intended as a reference 
work for students and engineers, there is 
much of interest that is told in a simple 


descriptive style that will appeal to the 
layman who has an interest in engines 
and an understanding of engineering. 
Many references to published literature 
are given for those wishing to pursue 
their studies along any particular line. 


’ 
Gas Turbines and Jet 

Propulsion 

By G. Geoffrey Smith, M.B.E. 
London: ILIFFE AND Sons LTD., Dorset 

House, Stamford Street, S.E.1.. 1950. 

54x84. 386 pp. Price 21s. 

The fundamentals of jet propulsion 
have been known for a great many years 
but it was not until 1941 that practical 
developments began to become generally 
known and in 1944 turbojet fighters were 
first used in operations against flying 
bombs. Since then, advance has been ex- 
ceedingly rapid and to-day the possibili- 
ties of employing turbine propulsion for 
road transport does not seem to be out of 
the question. This type of power unit 
has opened up potentialities that would 
never have been realized by internal com- 
bustion engines as we know them. The 
author rightly states “we are on the eve 
of big and important changes.” 

The first edition of this book was pub- 
lished at the end of 1942 and was then a 
complete handbook upon all the material 
that could be divulged at that stage. This 
is the fifth edition. There are two reasons 
why five editions have been required, first 
because of so much new information con- 
cerning developments that have occurred 
so rapidly, and second, owing to the con- 
siderable demand for this work from 
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everyone connected with or merely in- 
terested in this type of aircraft, and this 
includes practically everyone who has any 
interest in aircraft at all. 

As Editorial Director of Flight and 
Aircraft Production, Mr. Smith has first- 
hand knowledge of his subject and further 
than this he was one of the few who saw 
the potentialities in the very early days 
and many of his early articles upon the 
subject were written before gas turbines 
or jet propulsion were commercial pro- 
positions. The chapter on early projects 
which begins with Hero’s zolipile of the 
first century is very interesting, and fol- 
lowing upon descriptions of the funda- 
mental principals of propulsion, thrust 
and performance, the reader finds no 
difficulty in comprehending all the essen- 
tials of this early work. In fact, whether 
a technically minded designer or a 
layman, the reader can’ understand and 
appreciate all of this work. It is not a 
book on design procedure or mathematical 
equations; there have been several of 
these published dealing with jet propul- 
sion. In stating that this is a book for 
every man, however, those concerned with 
the technical and practical side of aircraft 
are included. 

British, American, Canadian and Euro- 
pean gas turbines and aircraft are 
described and illustrated and a chapter is 
included on tailless aircraft and flying 
wings. This edition also includes a 
chapter on turbines for road vehicles 
giving details of the work done in this 
direction by the Rover Company. The 
Appendix, entitled “Notable Views on 
Turbine Propulsion” quotes the views 
and many of the speeches made by 
prominent engineers and aircraft designers 
during recent years. Sir Frank Whittle’s 
views on development and future pros- 
pects of the gas turbine are also 
included. 

Some notes are given on testing and 
maintenance. It is expected that future 
editions will extend this information. At 
present, these coricise notes are sufficient, 
but with increased numbers of jet-pro- 
pelled aircraft in use, their maintenance 
will raise many problems and it is more 
than probable that a volume will even- 
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tually be devoted entirely to this subject. 

Entirely new chapters in this edition 
deal with ramjets and pulsejets, rocket 
propulsion, compounded power units and, 
as stated, gas turbines for road transport. 
The chapter on metallurgical problems 
has also been extended in the light of 
recent research. It is also of interest to 
note that this edition is to be available 
in Spanish and Italian in addition to the 
French and Dutch editions. The book is 
also circulating throughout America. 

Sir Frank Whittle states that Britain 
leads the world, at present, in the field 
of the aircraft gas turbine, but hard work 
will be necessary to maintain this lead. 
Much of the hard work that has already 
gone into our achievements is made 
obvious in this volume and many of the 
problems still to be overcome will be 
appreciated. The author, whilst giving 
due credit to the U.S.A. and other coun- 
tries for their part in the development of 
jet aircraft, makes plain the lead given by 
British engineers and designers, and it is 
therefore encouraging to note that the 
publishers state that this is the most 
widely read technical book on its subject. 


Alcohol. A Fuei for Internal 

Combustion Engines 

By S. F. W. Pleeth, B.Sc., F.Inst.Pet. 
LONDON: CHAPMAN AND HALL, LTD., 37, 

Essex St., W.C.2. 1949. 53x73. 

259 pp. 28s. 

It is estimated that the consumption 
of coal and petroleum during 1950 will 
exceed 400 million tons, and these two 
products provide the main store of our 
fuel requirements. The importance of 
employing substitute fuels therefore 
needs no stressing. This book deals with 
the production of ethyl and alcohol, their 
uses, properties, advantages and disad- 
vantages. The author quotes the words 
of Sir Harry Ricardo “By using such a 
fuel (alcohol), mankind is adapting the 
sun’s energy to the development of motive 
power; by using mineral fuels he is con- 
suming a legacy, and a limited one at 
that, of heat stored away many thousands 
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of years ago.” It is this theme that has 
prompted the author to write this book. 

The production of ethyl and alcohol 
from a wide variety of raw materials is 
dealt with, and this is followed by a 
survey of the underlying principles of the 
internal combustion engine in order to 
explain the importance of such matters as 
volatility, ‘ * startability,” vapour pressure, 
vapour lock, warming-up, etc. Sections 
are devoted to Knock and Knock Rating, 
and Knock Rating and Engine Tests. 
This includes details of several bench 
engine tests and descriptions of the work 
and tests adopted by the Co-operative 
Fuel Research Committee in the U.S.A. 

In aviation fuels, special reference is 
made to icing, water tolerance, corrosion, 
engine tests and supercharging. Three 
chapters are of a practical character and 
cover respectively, cylinder wear, corro- 
sion and gum, but the information on 
each of these is very brief. The chapter 
dealing with Tests of Alcohol and Alcohol 
Blends collates many tests hitherto scat- 
tered throughout various literature and 
this will be very valuable to petroleum 
chemists. 

Each chapter concludes with a short 
summary and a list of references to pub- 
lished technical literature. Some of these 
references would be rather difficult to 
trace from their too brief abbreviations, 
e.g., Ber. 33, 1094 (1900) and Brenn.- 
Chem. There are also one or two refer- 
ences mentioned in the text of Chapter 
Two that are not included in the list at 
the end. 

The book will be of interest to all those 
concerned with the production of fuel 
for internal combustion engines from the 
student to the chief chemist. In the wider 
field, the author’s remarks concerning 
planning for the future, in which he 
emphasizes the importance of alcohol as 
an alternative fuel, might well be studied 
by the various fuel research boards, the 
various departmental heads of the Fuel 
Ministry and the leaders of petroleum 
industries. There may be much specu- 
lation concerning alternative fuels and 
there may not be general agreement with 
all the author’s views. They do, how- 
ever, merit close attention. 
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Forthcoming Meetings of the Automobile Division 


The following meetings will be held 
during March :— 


LONDON 

Tuesday, 14th March, 5.30 p.m. 
General Meeting at Storey’s Gate, St. 
Ffames’s Park, S.W.1. Paper: “ Air Con- 
dition Control for Automobiles,” by C. S. 
Steadman, B.Sc., A.M.I.Mech.E. 


BIRMINGHAM CENTRE 

Tuesday, 28th March, 6.45 p.m. 
General Meeting in the Fames Watt 
Memorial Institute, Great Charles Street. 
Informal Paper: “Some Thoughts on 
Stability and Steering of Single-Track 
Vehicles,’ by R. A. Wilson-fones, B.Sc., 
M.I.Mech.E. 


DERBY CENTRE 

Monday, 13th March, 7.15 p.m. 
General Meeting in the Midland Hotel. 
Paper: “ An Application of Petrol — 
tion to Automobile Engines,” by R. 
rington, M.Sc., A.M.I.Mech.E. and E. v. 
Downing. 


LUTON CENTRE 

Tuesday, 21st March, 7.15 p.m. 
General Meeting in the Assembly Room, 
Town Hall. Paper: “Air Condition 
Control for Automobiles,” by 
Steadman, B.Sc., A.M.I.Mech.E. 


NORTH-EASTERN CENTRE 
Wednesday, 15th March, 7.30 p.m. 
General Meeting in the University 
Chemistry Lecture Theatre, Leeds. 
Paper: “Some Factors Governing the 
Performance of Crankcase_ Lubricating 
Oils,’ by A. Towle, M.Sc. (Eng.), 
M.1.Mech.E. 


NORTH-WESTERN CENTRE 

Thursday, 23rd March, 7.15 p.m. 
Generai Meeting in the Assembly Hall, 
Sports Club, Leyland Motors, Ltd., Ley- 
land. Paper : “ Internal Expanding Shoe 
Brakes for Road Vehicles,’ by Ivan M. 
Waller, B.A., A.M.I.Mech E. 


SCOTTISH CENTRE 

Monday, 20th March, 7.30 p.m. 
General Meeting at The Institution of 
Engineers and Shipbuilders, 39, Elmbank 


Crescent, Glasgow. Paper: “An Appli- 
cation of Petrol Injection to Automobile 
Engines,” by . Barrington, M.Sc., 
A.M.I.Mech.E., and E. W. Downing. 


WESTERN CENTRE 


Thursday, 16th March, 6.45 p.m. 
General Meeting at The Technical Insti- 
tute, Gloucester. Paper: “Cinemato- 
graphy in Engineering,” by R. A. V. 
Bulleid, M.A., M.I.Mech.E. 

Thursday, 30th March, 6.45 p.m. 
General Meeting at the Royal Horel, 
Bristol. Paper: “ Air Condition Control 
for Automobiles,’ by C. S. Steadman, 
B.Sc., A.M.I.Mech.E. 

The following meetings will be held 
during April :— 


LONDON 

Tuesday, 4th April, 5.30 p.m. General 
Meeting at Storey’s Gate, St. fames’s 
Park, S.W.1. Paper: “An Application of 
Petrol — to Automobile Engines,” 
by R. Barrington, M.Sc., A.M.I.Mech.E., 
and E. W. Downing. 
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Institution of Mechanical Engineers. 


ELECTRICAL EQUIPMENT 


A Review of Present Day Practice in British Passenger Cars 


no developments took place in 

passenger car electrical equipment 
in Great Britain except those made neces- 
sary by the needs of military vehicles. 
These developments were confined mainly 
to the problems of dealing with extremes 
of temperature and the operation of 
equipment in unfavourable climatic con- 
ditions or unsuitable terrains and em- 
braced the following problems: — 

(1) The starting of internal combus- 
tion engines at extremely low tempera- 
tures. 

(2) Tropical proofing. 

(3) Dust-proofing. 

(4) Water-proofing for military 
operations involving water-crossings. 
The legacy of knowledge and experi- 

ence thus gained was poor compensation 
for a six-year hiatus in development, 
though the lessons learnt in dealing with 
the first three problems have all left their 
mark on post-war designs. 

The first problem at the commencement 
of the peace was to evaluate the true state 
of the national and export markets for 
automobiles in order to form some con- 
clusion as to the type of car which could 
be sold in sufficient quantity to keep the 
industry fully employed, and then to 
design and produce equipment as fully 
standardized as possible, so as to provide 
the best and most suitable electrical 
equipment which could be afforded. 

This “ back-to-earth ” evaluation was in 
strong contrast to the attitude so widely 
prevalent throughout the 1939-45 war, 
that the world would emerge after its 
ordeal into “broad sunlit uplands ” where 
cars would be designed for a trouble-free 
life of 100,000 miles. 

As a result of this it was decided to 
produce electrical equipment to two 
separate broad specificaticns, the first 
aiming to provide a trouble-free life of 
80,000-100,000 miles and the second a 
trouble-free life of 40,000-50,000 miles, 
batteries and lamp bulbs excepted. It 
was not intended that the equipment 
should be worn out after these mileages 
but it was anticipated that renewal of 
brushes, some bearings, small components 
and assemblies would be necessary. 

It was considered that at these mileages 
a fairly general overhaul of the whole car 
would be due and, as it is axiomatic that 
in order to achieve the most economical 
design everything in a car should wear 
out at the same time, these targets were 
set and stand to-day. 

Whilst there have been no _ revolu- 
tionary changes in passenger car electrical 
equipment since 1945, there are scarcely 
any 1939 products which still exist un- 
changed. 


The electrical system 


The electrical system falls into two 
main functional divisions : — 
(a) The generating and 
system. 


Dives the 1939-45 war virtually 


storing 
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The paper sets out to consider the 
present-day practice in British auto- 
motive electrical equipment, compar- 
ing this frequently with British prac- 
tice before 1939 or current American 
practice wherever appropriate 

It begins by considering the genera- 
ting and energy-Storage part of the 

| system, dealing briefly with the pro- 
| vision of A.C. or D.C. equipment and 
the relative merits of 12-volt and 
6-volt equipment. 

It then goes on to consider the 
operating and power-consuming parts 
of the system in fairly considerable 
detail, making particular note of the 
reduction in size and weight of gener- 
ators which has been made possible 
in recent years by the use of new in- 
sulating enamels and of light alloys 
where practicable. The use of higher 
speeds is generally possible only 
where maximum car speeds are not 
very high, due to limitations imposed 
by centrifugal forces on armatures and 
the need to provide the rated output 
at a fairly constant road speed. 

Voltage regulators are dealt with 
in some detail with a general descrip- 
tion of the British compensated voltage- 
control ,system and the transatlantic 
current-voltage type using two separate 
regulating circuits in series. 

With regard to batteries, the main 
development has been an improved 
paste which was developed during 
the 1939-45 war for dealing with 
low temperatures and which is now 
in general production. 

The problems of noise, power and 
premature pinion ejection concerning 
Starter-motors are discussed, with a 
comparison of the performance of 6- 
and |2-volt machines and of the various 
types of pinion-engaging mechanisms 
of the positive-mesh and _ inertia- 
meshing types, together with a refer- 
ence to the comparatively large amount 
of power required to start a small engine. 

Developments in ignition equipment 
have not been great in recent years, 
but the point is made that an improved 
system will need to be developed for 
the higher compression ratios which 
are impending. 

The paper deals briefly with wind- 
screen wipers, heaters, demisters, horns, 
direction indicators of the semaphore 
and flashing signal type, instruments, 
actuating motors, relays and protective 
devices, and also touches briefly on 
the subject of radio suppression for 
car radio and television. 

The paper concludes with a dis- 
cussion on head lighting and dazzle. 








(b) The operating or power-consum- 

ing system. 
It is possible to use a direct-current 
system, an alternating-current system, or 
a mixture of the two, but the impossibility 
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Division 


of storing A.C. directly renders the com- 
plete A.C. system impracticable at 
present. 

An alternating-current system has its 
attractions, as the generator needs no 
commutator or brushgear and as _ the 
voltage can easily be transformed to that 
most suitable for each task, a feature very 
convenient for radio use and for some 
types of windscreen de-icing. Extensive 
investigations have shown, however, that 
with the electrical load at its present 
value the cost of the rectifier cannot be 
justified for passenger cars, though for a 
different reason this does not apply to 
motor cycles. The direct-current system 
is, therefore, still firmly entrenched. 

Some of the disadvantages of the D.C. 
system such as weight, brush- and 
voltage-drop due to long, low-voltage 
high-current circuits can be minimized by 
operating at the optimum voltage. In 
America the 6-volt system is still almost 
universal for passenger cars, though it is 
by no means universally approved by 
automotive engineers. In England and 
on the Continent, manufacturers have 
generally appreciated the advantages of 
the 12-volt system and all the higher- 
grade cars have made use of it. 

The chief advantages of the higher 
voltage lie in the lower cable and brush 
losses and the lower weight of generators 
and motors. In addition, ignition con- 
tact-breaker problems are a function of 
the current broken rather than of the 
voltage and are therefore eased when a 
12-volt supply is provided. 

These advantages more than outweigh 
the disadvantage presented by the addi- 
tional weight of a 12-volt battery of the 
same energy capacity as its 6-volt counter- 
part, which is due to the additional inert 
material of the battery case, to the extra 
intercell connectors, and to the extra odd 
— plate carried by each 2-volt 
cell. 

As a result, the 12-volt system is stan- 
dardized in England for cars. It may be 
argued that if a 12-volt system has advan- 
tages over a 6-volt system, then a 24- or 
even 36-volt system would be better still. 
The explanation is that other problems 
arise, particularly with contact breakers, 
as arcing begins to be troublesome over 
14 volts or so. This leads to arc-suppres- 
sion problems with horn, regulator, and 
ignition contacts and even necessitates 
quick-break designs for switchgear con- 
tacts. Another factor giving rise to igni- 
tion contact-breaker difficulties is that the 
reduced ratio between the number of 
primary and secondary turns in the 
ignition coil, inherent in the longer 
primary winding, leads to higher voltages 
across the contact-breaker and may cause 
serious sparking. This could be mitigated 
by using a high-resistance primary wind- 
ing with resultant high loss in watts and 
resultant heating of the primary winding, 
a not very acceptable solution, and_there- 
fore, in practice, a separate ballast re- 
sistance is generally used, in series with 
a more or less normal 12-volt coil, the 
coil thus operating as a standard. unit. 
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of modern 6- and 12-volt generators. 


A further problem with 24- and 36-volt 
circuits is that lamp filaments become 
unduly long, thin, and therefore fragile, 
giving poor life and poor photometric 
performance of the lamps themselves. 

When to this formidable list of draw- 
backs is added the fact that, for passenger 
cars at least, the increased battery weight 
and cost is no longer compensated by 
corresponding weight and cost reductions 
in other components, it will be clear why 
it has been advisable to draw an upper 
limit as well as a lower. 

24- or 36-volt equipment is therefore 
only encountered where starting condi- 
tions are very arduous and where high 
starter-power is required, such as on com- 
pression-ignition engines or on_ public 
service vehicles where high circuit-load- 
ings are met with for interior lighting, and 
where it is desired to minimize voltage- 
drop problems by adopting a_ higher 
operating voltage. 


Dynamos 


A great improvement in dynamo life 
and performance was effected by the 
introduction of the compensated voltage- 
control system, which first came into 
general use in the years immediately fol- 
lowing 1935. Before that date, a constant 
current or third-brush system had been 
employed in which the dynamo field 
excitation had been provided by connect- 
ing the field winding between one of the 
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main brushes and a third brush situated 
somewhere between the other two. The 
system relied for its operation on the dis- 
torting effect of armature reaction on the 
main field. As the armature current in- 
creases, the field in a generator becomes 
distorted by armature reaction, resulting 
in a rotation of the field in the direction 
of rotation and towards the third brush. 
This cuts down the field of current at the 
same time that the demagnetizing effect 
of increased armature reaction reduces 
the field strength, and results in a reason- 
ably effective means of current regulation. 

There were, however, several funda- 
mental disadvantages : — 

(1) The charge into a full battery was 
greater than into a flat one, with 
result that overcharging was common. 

(2) Commutation was poor as a con- 
sequence of field distortion, the brushes 
seldom operating at the neutral axis. 

(3) Brush life was short due to the 
above factor and to the high mean cur- 
rent carried by the brushes. 

(4) Battery life was short due 
overcharging or undercharging. 

(5) Dynamo outputs were low due to 
poor excitation conditions. 

These problems were largely removed 
by the voltage-control system in which 
the full generator potential across the 
main brushes is available for the field 
winding until the speed rises to a figure 
at which a greater output would be pro- 
duced than that required. At this point 
a resistance is inserted in the field circuit 
by the opening of a pair of contacts, 
which vibrate open and closed in such 
a manner that the appropriate average 
field current is provided. 

As a result of this development, it was 
possible to increase generator output, 
speed, and brush life considerably, as well 
as to improve battery life. In addition 
it has been possible to rate machines 
highly for a short period and then to cut 
down output when the temperature rise 
approaches a dangerous figure. 

These major changes have been fol- 
lowed by two main post-war develop- 
ments. The first, an improved enamel 
coating for copper wire such as polyvinyl 
acetate-phenol formaldehyde has made it 
possible to increase the space factor. The 
second has been a further increase in belt 
drive ratio, in the case of the smaller 
machines, which has raised the armature 
speed to approximately 2,000 r.p.m. at 
20 m.p.h. when the 
car is in top gear. 
A further point is 
that die-cast alu- 
minium-alloy end 
plates have been 
introduced. In con- 
sequence of these 
measures, a I2-volt 
machine of 240 
watts capacity is 
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now available at a 
weight of 123lb 
compared with 
about 22lb for its 
6-volt counterpart 
of conventional de- 
sign. A  6-volt 
machine _ similarly 
treated would 
weigh about 173lb. 
There are two 
main reasons for 
this difference in 
performance — (a) 
brush drop, which 
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amounts to over 
20 per cent of the 
output of a 6-volt 
machine (10 per 


regulator—circuit 


115 


cent for a 12-volt machine) and (b) the 
purely practical difficulty of providing 
enough field-winding space inside the 
6-volt machine necessary to give the 
requisite excitation. Representative output 
curves of modern 6- and_ 12-Vvolt 
generators are illustrated in Fig. 1. 


Voltage Regulators 


The compensated voltage - control 
system introduced in 1936 is still giving 
satisfactory service and though a limit to 
its ultimate usefulness can now be seen, 
current loads have not yet risen to such a 
figure in 12-volt circuits as to make a 
change necessary. It will be recalled that 
this type of regulator (Fig. 2) consists of 
a single pair of contacts (of tungsten in 
Britain) operated by a _ shunt-wound 
bobbin. Over this bobbin are wound a 
few series turns, part in the main charging 
circuit and part in the load circuit. This 
arrangement is designed so that the 
dynamo current is limited to its safe con- 
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Fig. 3. Effect of thermostatically com- 
pensated voltage regulator on battery 
charging rate. 
-Battery fully charged. - Battery fully dis- 
charged. 


tinuous value when the load is on, whilst 
maximum output is available from the 
machine for charging a flat battery. Fur- 
thermore, temperature compensation is 
provided by a bimetallic strip so that the 
regulating voltage falls as temperature 
rises, in order to match a similar battery 
characteristic (Fig. 3). If this is not done, 
high residual charge rates will be encoun- 
tered in high ambient temperatures, and 
rapid evaporation of battery electrolyte 
will result. There is a time delay in this 
temperature-compensation effect due to 
the shunt winding heating up more 
rapidly than the bimetallic strip, so that 
on first starting, when the generator is 
cold and capable of standing overload, 
the voltage setting of the regulator rises 
for the first few minutes and then com- 
mences to fall again as the bimetallic 
strip heats up. This arrangement gives 
a short boost immediately after a cold 
start, and thus helps to bring the battery 
quickly up to full charge (Fig. 4). 

As generator capacity and load rise, the 
number of series turns required falls, and 
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as the series compensation-turns are re- 
duced in number, so the sensitivity of 
the regulator to load changes grows less. 
Eventually a stage is reached when this 
arrangement is no longer satisfactory or 
when less than ome series turn is 
required. 

At this stage some other solution be- 
comes necessary. In American 6-volt 
circuits with their heavier currents this 
stage has long been passed, as it has in 
both 12- and 24-volt circuits for passen- 
ger service vehicles in Great Britain. The 
most usual solution is to provide two 
regulators with their contacts in series in 
the generator field circuit, one regulator 
being shunt-wound and responsive only 
to voltage, the other being series-wound 
and responsive purely to current (Fig. 5). 
It is only necessary to compensate the 
voltage winding for temperature changes. 

On commencing to charge a flat bat- 
tery, the battery voltage is too low to 
operate the voltage regulator and thus the 
current regulator permits the full rated 
output of the generator to pass through 
the battery. This continues until the 
battery is approaching the charged state, 
when its voltage is sufficiently high to 
commence to operate the voltage regu- 
lator. This reduces the current and hence 
stops the operation of the current regu- 
lator. In practice a change-over period 
of, perhaps, some minutes exists whilst 
both regulators are in operation. Fig. 6 
illustrates the charging characteristic of 
such a regulator. This type of regulator 
is known as the current-voltage type and 
is naturally more elaborate and costly than 
a single regulator with compensation. 

If automotive electrical equipment 
loads continue to increase and pass the 
point at which normal series load-com- 
pensation is satisfactory on a _ 12-volt 
circuit, some system of this type will be 
necessary even on I2-volt passenger car 
systems. This current-voltage system is 
in almost universal use in American 6-volt 
systems for cars, and is common practice 
in Great Britain, too, on heavily loaded 
public service vehicle circuits, etc. It is 
probable that something of the sort will 
eventually be necessary with 12-volt 
passenger car systems. 


Batteries 


The starting and low-temperature per- 
formance of batteries has been improved 
as a result of wartime experience by modi- 
fications to the paste, grids, and terminals, 
while various changes in arrangement and 
appearance have taken place, the main 
object of which is the conservation of 
lead, which has become very expensive 
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Fig. 4. Dynamo output with completely 
discharged battery, showing boost 
effect immediately after starting. 


and is, in any case, 
becoming increas- 
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ingly scarce. Sup- 
plies of lead from 
known sources are 
variously estimated DYNAMO 
as sufficient only to FIELD 

last from _ seven- = 
teen to thirty years 
and it looks as if 
an alternative will 
have to be found. 
The battery is the 
only example where 
the 12-volt system 
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weighs more heav- 
ily than the 6- 
volt. In this case 
a battery of 450 
watt-hours capa- 
city weighs 47lb 
against the 6-volt 
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battery’s 38lb. 

he practice of 
mounting the bat- 
tery under the 
bonnet, though 
convenient for oeciuilien, has its draw- 
backs, as the high temperatures sometimes 
encountered cause rapid evaporation of 
electrolyte and, if excessive, will shorten 
life. A maximum temperature of 130 deg 
F. is the most that can be tolerated. The 
car designer who nullifies the advantage 
of easy accessibility by arranging a croco- 
dile bonnet so that it is impossible to 
service the battery properly, makes things 
difficult for the conscientious owner and 
expensive for the careless one. 

It is always important that the voltage 
regulator be mounted near the battery so 
that it can compensate for the correct 
ambient condition. There is a tendency 
to over-compensate when batteries are 
mounted on the rear of the chassis and to 
under-compensate, with resultant over- 
charging, if the regulator works in a cooler 
atmosphere. 


Starters 


Power, premature pinion ejection, fly- 
wheel tooth damage, and noise are the 
main problems which present themselves 
for solution in starter design. 

It would be a mistake to imagine that 
the starting of a small engine presents a 
much easier problem than the starting of 
a larger one, and it may be of interest to 
record that, due to the higher speed at 
which a small engine needs to be cranked 
in order to start at a low temperature 
when compared with a large one, and to 
the increased surface/volume ratio of the 
small engine, an actual test on a 1.5 litre, 
four-cylinder British engine and a 3.7 
litre, six-cylinder American engine at 
10 deg F., showed that the small engine 
required 10 per cent more power from 
the starter. Both used similar oil. 

For a given weight and diameter, some- 
thing approaching twice the power can 
be obtained from a 12-volt as opposed 
to a 6-volt starter. This is due in part 
to reduced brush losses in the 12-volt 
machine, but mainly to reduced losses in 
the leads, battery intercell connexions, 
and earth return path as a result of the 
lower currents involved, the losses being, 
of course, proportional to the square of 
the current. 

Existing types of starters develop their 
maximum power between 900 and 1,400 
r.p.m., depending upon their size, and in 
applying these to an engine it is usual to 
arrange that this speed coincides approxi- 
mately with the speed at which it is de- 
sired to turn the engine in order to be 
sure of a start at a temperature of o deg 
F. This ensures maximum power for 
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Fig. 5. Circuit diagram of current-voltage regulator. 


the worst conditions and decides the gear 
ratio to be employed within fairly narrow 
limits. Fig. 7 illustrates 6- and 12-volt 
starter performance with comparable 
starters connected to batteries of the same 
energy capacity. 

The phenomenon of premature ejection 
of the pinion out of engagement with the 
flywheel, that is, before the engine is run- 
ning properly, is much less common than 
used to be the case, and is encountered 
only with the inertia-engaged type of 
drive. In this type of drive (Fig. 8) the 
starter pinion is coupled to the starter 
armature shaft through a nut running on 
a helical screw thread cut on a sleeve 
which is itself usually splined or keyed 
to the shaft. When the starter switch is 
closed the armature accelerates rapidly, 
and the pinion, possessing inertia, tends 
to lag behind. This lag causes an 


angular displacement between the nut and. 


the screw which is transposed by the 
thread into linear motion, resulting in 
movement of the nut and pinion towards 
and into mesh with the toothed ring. 
When the engine fires and accelerates, 
the reverse action occurs as a consequence 
of the peripheral acceleration of the fly- 
wheel being greater than that of the 
starter pinion, and the pinion is ejected. 
It is, of course, important that this ejec- 
tion does not occur before the engine is 
running properly, but it is often the case 
with 6-volt starters, which possess com- 
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paratively poor acceleration, that the first 
sign of firing in one cylinder will cause 
premature pinion ejection, particularly 
when an engine is hot, and cases have been 
known of acceleration following compres- 
sion being enough to cause this. 

A similar problem sometimes arises in 
making a very cold start. In such a case 
it can happen that the energy released by 
the first, rather incomplete, combustions 
is absorbed completely by the shearing of 
the viscous oil films on the cylinder walls, 
bearings, and other components, leaving 
none to complete the next compression 
stroke. In such a case the lack of energy 
has to be supplied by the starter until 
better combustion and warmer oil enable 
the engine to run unaided. If the starter 
acceleration is too low, premature ejection 
will occur after each fire and a start will 
either be impossible or an affair of much 
noise, tooth damage, and annoyance. 

Such a state of affairs is uncommon 
with 12-volt starters employed on passen- 
ger car engines, either with hot or cold 
engines, but would arise on compression- 
ignition engines and does on 6-volt- 
equipped car engines where more com- 
plicated gear-engaging mechanisms are 
not employed. 

The system most usually employed and 
illustrated in Figs. 9 and 10 was developed 
some thirty years ago. It was employed 
in England about 1930 and in Germany, 
but like many other automobile develop- 
ments was first put into really large-scale 
production by our transatlantic colleagues 
faced by the problem of starting large 
petrol engines at low temperatures with 
a low-powered starter. In this system, 
positive engagement of the pinion and 
flywheel teeth is ensured by means of a 
mechanical linkage, operated by the foot 
or by a solenoid, which moves the pinion 
axially along splines in the starter shaft 
until it enters mesh with the flywheel or 
else abuts tooth-to-tooth with the fly- 
wheel gear ring. In the latter case the 
linkage completes its motion, compressing 
a spring behind the pinion member so 
that, as soon as relative rotation occurs 
between the pinion and flywheel, the 
spring will reassert itself and push the 
pinion into mesh. The last action of the 
linkage is to close the starter circuit. It 
will be appreciated that, there being no 
helical thread, there is no component to 
eject the pinion when the engine 
accelerates and it continues in mesh with 
the flywheel as long as the pedal or 
starter-button is depressed. 

Owing to the large gear ratio, perhaps 
fifteen to one, between the pinion and 
flywheel quite a moderate engine speed 
would be sufficient to drive the starter 
armature beyond its safe speed and to 
cause the winding to “ fling” due to 
trifugal force if some protective device 
were not employed. This usually takes 
the form of a freewheel clutch of roller 
construction enabling the pinion to over- 
run the armature in one direction. 

In large starters, particularly those em- 
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ployed on diesel ‘engines, it is more usual 
to employ a multiplate type clutch so as 
to avoid the very high stresses encoun- 
tered in the roller clutch design. 

It might seem that there is everything 
to commend this positively-engaged type 
of drive when compared with the inertia- 
engaged type, but this is not quite the 
case. Whilst the positive-engagement 
drive can provide quieter engagement, 
less tooth damage, and better starting 
under very adverse conditions, it is 
heavier, more costly, needs protection 
against accidental operation when _ the 
engine is running, and the roller free- 
wheel provides no protection against 
accidental engagement with an engine 
momentarily revolving backwards, which 
is provided by no cushioning spring in an 
inertia-type driv 

In cians, for passenger car 
engines where a I2-volt supply is available 
and where properly heat-treated gear- 
engaging surfaces are employed, the 
inertia-engaged starter drive still holds the 
field due to its simplicity, reliability, 
economy, and light weight. It is generally 
worth while to employ a positive-engage- 
ment system only for commercial vehicles 
such as delivery vans, which may have to 
start several hundred times a day, or for 
extreme arctic conditions. Of course, 
compression-ignition engines which need 
starter assistance for quite a long time 
when starting from cold need a positive 
drive, and so do most 6-volt equipments 
and many 12-volt- 
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accidental engagement with an _ engine 
flywheel revolving backwards off com- 
pression. The energy stored in such an 
engine is quite considerable and the 
starter;drive spring must be large enough 
to absorb this without undue shock. An 
engine which is running backwards as a 
consequence of a back-fire presents too 
great a problem to be dealt with by means 
other than a slipping overload clutch. 

In one type of inertia drive, a rubber 
coupling is employed which acts as a 
spring in shear fo: normal cushioning, 
but which will slip when severely over- 
loaded. Such a drive is illustrated in 
Fig. 11. 

Noisy starter engagement and cranking 
is a problem which needs to be tackled in 
the future. A solid, rigid mounting and 
good tooth form with freedom from 
undue backlash are important factors in 
reducing cranking noise, but a less violent 
means of pinion engagement will be re- 
quired before noisy starters are a thing 
of the past. 

Ignition 

Little major change has occurred since 
immediate pre-war years although detail 
improvements of considerable importance 
have taken place in development and are 
now coming into service. 

Condenser impregnants and improved 
sealing have now reached the stage where 
there is no practical limit to the life of 
condensers even in the tropics. At present, 
condensers of two types are in production 
concurrently, one using tinfoil and paper 
and the other using paper on which a 
thin film of aluminium has been deposited 
under high vacuum. 

After exhaustive tests in the laboratory, 
the latter type was released gradually into 
production whilst an anxious eye was 
kept on the service position. At present, 
two years later, we have not yet heard of 
a failure. 

There is no longer room for doubt that 
a purely speed-conscious spark-advance 
control is wasteful of fuel and that a 
manifold-operated, load-sensitive correc- 
tion is necessary. External attachments 
to the distributor to achieve this by means 
of a diaphragm and levers are clumsy and 
may give rise to leaks and shank wear, 
whereas a design of distributor which 
incorporates a built-in diaphragm and 
movable contact-breaker plate is relatively 
expensive. The problem is still under 
investigation, though both types are in 
current production. 

As engines get quieter, small noises 
previously unheard thrust themselves to 
our notice. In order to deal with con- 
tact-breaker noise, cams are now made 
unsymmetrical, allowing the points to 
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close more gently than they open, and 
contact-breaker plates tend to be of Bake- 
lite where possible so as to reduce noise 
transmission to the distributor body and 
cap. At the same time it has become 
necessary to provide better means of dust 
exclusion in order to cope with the 
arduous conditions sometimes met over- 
seas and appropriate measures have been 
adopted. 

As better fuels become available, en- 
gineers will be anxious to raise compres- 
sion ratios. Each increase of one whole 
ratio causes a corresponding increase of 
8-10 per cent in plug voltage, thus placing 
a definite limit on the future use of our 
present conventional system. For a conven- 
tional 6-volt system this limit is not very 
far ahead, perhaps in the region of 9/1 on 
a six- or eight-cylinder engine, though 
double contact breakers, duplicated coils, 
and other expedients may enable this to 
be extended. Although the 12-volt system 
has a larger margin in hand, the issue 
may be one which can only be postponed 
for a few years. 


Windscreen wipers 


The chief development in recent years 
in this field has been the introduction of 
the flexible rack type of wiper in which 
a flexible steel wire, tightly wound with 
a helix of stiff steel wire so as to form a 
rack, is pushed and pulled backwards and 
forwards by means of a crank driven by 
an electric motor at a speed in the vicinity 
of 40 oscillations a minute. The wiper 
arms are coupled to gears in mesh with 
the rack, and the motor is stopped or 
started by a separate switch when the 
blades are at or near the end of their 
stroke. The general layout arrangement 
and details of the motor and gearbox are 
shown in Figs. 12 and 13 respectively. 

In one or two cases wiper blades have 
been fitted to rear windows as well as to 
front windscreens, to provide better rear 
vision. In present circumstances this is 
in the nature of a refinement. 

The suction wiper finds little favour in 
Great Britain owing to the way its speed 
varies with engine load conditions. This 
is aggravated by the small size of most 
British engines. An auxiliary booster- 
pump operated by the engine is some- 
times employed, but gives results which 
are still far from satisfactory. 

Problems connected with automatic 
parking of blades, wiping of curved 
screens and conditions of snow, ice, and 
mud continue to be the subjects of ex- 
periment and development. 


Heaters and demisters 


The full air conditioning of passenger 
car interiors in conditions of heat, cold, 
damp dust, presents a considerable 
problem which has not yet been properly 
tackled to the best of the author’s know- 
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ledge and belief. 

Those who have 
suffered from ex- 
tremes of both 
sorts find it diffi- 
cult to decide 
which is the 
harder to tolerate, 
but as most pas- 
senger cars are 
used. in climates 
where cold is a 4 
greater enemy than * Y 
heat it seems clear TO BATTERY 
why heating has waeee NUS 
received more 
attention than cool- 
ing and dust- 
proofing. 

Adequate _heat- 
ing of the car interior by means of an 
engine waste-heat exchanger is perfectly 
possible to-day, and if properly carried 
out would remove all problems of misting 
of glass and personal discomfort. What 
may not be widely appreciated, however, 
is that under North American winter con- 
ditions it is necessary to provide 50 cu ft 
of heated fresh air per minute per passen- 
ger if misting is to be avoided. The power 
required to do this is several times that 
available in present fan motors and it is 
difficult to deal with such a volume of air 
without undue noise. Consequently, at 
the present stage of development, we have 
to confine ourselves to distributing heat 
as evenly as possible about the car interior 
and to concentrating warm air currents on 
the windscreen and, in America, some- 
times on the side windows as well. 

There is at present still a very large 
market in temperate climates for the hot- 
wire convection heater which is fastened 
to the screen by rubber suckers and which 
clears ice and mist on the inside and on 
the outside of the screen over an area of 
about a square foot above the heater. 
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Horns 


Horn design is not a simple matter. 
Economic factors compel standardization, 
and while export markets cry for loud 
horns, our city populations at home would 
prefer quiet ones or none at all. It is 
probable that a reasonably satisfactory 
compromise can be reached through the 
medium of the wind-toned horn whose 
mellower note is more tolerable to the ear 
than the high-frequency impact type. 

Considerable research has been carried 
out to decide the musical interval between 
horns of a pair which gives the most 
pleasing combination, but at present none 
more satisfactory than the conventional 
major third has appeared. 

It is not widely realized that wind- 
toned horns of the present type consist 
of an air column of a certain length and 
fundamental frequency which is normally 
produced coiled up so as to economize in 
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Fig. 10. Circuit diagram of pre-engaged starter. 


space. This column of air is excited into 
resonance by an electrically energized 
diaphragm vibrating at the same fre- 
quency with the air column, which is pre- 
determined and cannot be varied. Hence, 
variations to suit individual tastes are not 
possible and the character of the note can 
be changed only by changes in the reso- 
nating system which vary the proportion 
of the various harmonics going to make 
up the note we hear. 

These horns draw a relatively heavy 
instantaneous current on starting, which 
necessitates the use of cables of ample 
gauge and the shortest possible length. 
With most British applications it is pos- 
sible to avoid the expense of a relay, but 
in America, difficulties of handling the 
heavier currents involved with 6-volt cir- 
cuits directly, such as voltage drop in the 
cables and burning at the horn button 
contacts, have led to the virtual stan- 
dardization of a relay. 


Direction indicators 


There are two main types in use to-day, 
which can be called the “ semaphore ” and 
the “blinker.” The former employs, in 
one form or another, a semaphore arm 
which is raised and illuminated so as to 
protrude from the outline of the car by 
at least 6 inches; the latter makes use of 
a non-moving illuminated signal which 
winks at a nominal frequency of 100 
winks per minute. There are advantages 
and disadvantages inherent in both 
systems. A few of the main drawbacks 
are listed: — 

Semaphore : — 

(a) Low intensity of illumination. 

(b) Liable to freeze up in severe 
weather. 

(c) Subject to mechanical damage. 

Blinker : — 

(a) Invisible when coming up along- 
side. 

(b) Poor visibility in sunlight and 
from the front. 

(c) Needs a repeater indicator. 
The semaphore indicator or “traf- 
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Fig. 12. Typical layout of windscreen wipers and actuating unit. 
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Fig. 13. Windscreen wiper actuating motor and gearbox. 


ficator” is now a dependable and reliable 
product, and attention to design detail 
has overcome the troubles of sticking down 
and sticking up which used to be so 
common. 

The question of international stan- 
dardization of direction indicators is now 
under consideration by the appropriate 
bodies in nearly all countries. 


Instruments 


The complete standardization of the 
compensated voltage-control charging 
system which has now occurred has made 
an accurate ammeter unnecessary. The 
driver is now concerned only to see that 
his system is charging or does not show 
a discharge, and an accurate calibration 
is pointless, as the figures indicated have 
little real meaning except to the expert. 

On the other hand, a warning light 
connected across the cut-out contacts 
only shows whether they are open or 
closed and not whether the system is 
doing its job of keeping the battery 
charged. This situation has been met by 
the introduction of a simplified meter, an 
interesting feature of which is the use of 
viscous silicone oil as the damping 
medium to restrict pointer unsteadiness. 

Petrol gauges, clocks, and speedo- 
meters have not altered in principle, 
though a newcomer is an electrically 
operated petrol-reserve valve which is a 
means of retaining the last gallon or two 
of fuel in reserve, to be used only after 
a solenoid valve has been actuated by a 
suitable switch on the instrument panel. 

Instrument illumination has been given 
a good deal of attention and four systems 
are in fairly general use : — 

(1) Back-of-dial lighting, using a 
translucent dial. 

(2) Front-of-dial lighting. 

&) Edge-lighting through a plastic 

ia 


(4) Ultra-violet illumination of sen- 
sitized numerals. 

The latter can be very good indeed but 
it is more expensive than the others and 
rather wasteful in current, as the ultra- 
violet component is very small in tung- 
sten-filament lamps. The most efficient 
method is to use a deep, combined instru- 
ment in which all the instruments are 
concentrated near the source of light. It 
is not very practical to attempt to utilize 
separate distributed instruments of the 
old pattern which have not been speci- 
fically designed for the purpose. More 
efficient sources of ultra-violet light than 
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the tungsten lamp are 
available but do not at 
present operate at a suf- 
ficiently low voltage. 


Actuating motors 


Various small motors 
and devices are some- 
times employed for 
automatic jacking of all 
four wheels, for opera- 
ting the tops of conver- 
tible coupés, and for 
raising and _ lowering 
windows, blinds, etc. 
These can be operated 
by electric, hydraulic, 
or pneumatic means. 
The pneumatic method 
is the simplest if a 
large enough reservoir 
is carried, but suffers 
from the fundamental 
drawback that energy is 
more conveniently and 
compactly stored chemi- 
cally in a battery than 
in a low-pressure con- 
tainer, which would need to be of absurd 
size to store the equivalent of the energy 
preserved in a small secondary battery. 
A purely electrical system would neces- 
sitate a motor or actuator at each point 
of operation, whereas a central electric 
motor and hydraulic pump with remote 
rams seems more logical, the hydraulic 
ram being such a simple mechanism. On 
the other hand, the piping of oil under 
pressure through door hinges is not 
without difficulties and hydraulic appli- 
cations are likely to remain rather limited 
for some time to come. 


Relays and protective devices 


Relays are coming into increasing use 
as a convenient means of dealing with 
high-current circuits so as to reduce cable 
runs and avoid the need for heavy-duty 
panel switches. 

Starter and horn circuits commonly 
employ relays, which are also being 
widely used in America in connexion 
with the various semi-automatic trans- 
mission systems now in vogue and it is 
clear that a similar situation is about to 
arise in Great Britain. As various manu- 
facturers arrive at their solutions to the 
transmission problem, there will be a 
wide demand for clutches, solenoids, 
relays, and speed-sensitive switches of 
various kinds as a means of controlling 
such transmission systems. It is also 
probable that a demand will arise for a 
tell-tale to indicate side-lamp bulb failure 
now that these 
lamps are generally 
invisible from the 
driver’s seat—it is 
unpleasant to drive 
a car when in 
doubt whether it is 
showing lights to 
the front. An auto- 
matic, reclosing, 
circuit - breaker to 
open and re-close 
on a_ temporary 
short - circuit is 
another _ probable 
refinement. 


Radio 
suppression 


The subject of 
car radio is too 
lengthy to be 
touched upon here 
except as it affects 
the rest of the elec- 
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trical equipment in a car. In general, 
except when dealing with a short-wave 
receiver, it suffices to suppress the ignition 
circuit by means of a capacitor on the 
primary feed to the coil, and a resistor 
in the high-tension circuit in the coil-to- 
distributor lead and sometimes in each 
plug lead. A capacitor on the generator 
main live terminal is also often necessary 
in addition. When a short-wave set is 
installed it is frequently mecessary to 
suppress the regulator and small motors, 
such as the windscreen wiper. Suppres- 
sion is not work for an amateur, novice, 
nor even for a skilled radio mechanic, but 
is a subject best tackled by the manufac- 
turers of car, radio, and electrical equip- 
ment during the design stage of the car, 
as much re-routing of cable runs and 
additional bonding of body and chassis 
may be necessary. 

The limit of 50 microvolts per metre 
measured at 30 feet from the car, specified 
by the Wireless Telegraphy Act, will not 
in general involve the industry in more 
than high-tension ignition suppression on 
cars for the home market. 

Whether one resistor or several will be 
necessary will depend upon the design 
of car in question, but present indications 
are that about half the cars at present in 
production can be made to comply with 
the Act by the addition of only one re- 
sistor at the distributor. A logical place 
to incorporate additional resistors would 
be in the spark plugs. This would not 
only tidy up the ignition system but also 
improve spark-plug point life and even 
increase fuel economy by enabling leaner 
mixtures to be burned with wider gaps. 

Lighting 

This is a big subject and can only be 
dealt with much more briefly than it 
deserves, for the need for lighting was the 
original reason for installing a set of elec- 
trical equipment on an automobile and it 
is still the primary requirement. 

The chief development in recent years 
has been the all-glass sealed-beam head- 
lamp developed by General Electric at 
Nela Park, Cleveland, Ohio, and now 
fitted to a large number of American cars. 
This development is not to be confused 
with sealed-beam lighting which sprang 
from the original General Electric work 
and which is now standard on all Ameri- 
can cars. The latter represents lighting 
to a particular photometric specification 
achieved by a light-source in a sealed 
reflector and lens, not necessarily entirely 
of glass nor hermetically sealed. The 
true all-glass unit should represent the 
best that modern technique can at present 
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produce to a standard size and per- 
formance in sufficient volume to justify the 
very large capital costs involved. At present 
such a situation does not exist for the 
British manufacturer, who has to export 
a high proportion of his output to many 
countries with widely differing lighting 
requirements. 

The situation has led to the develop- 
ment of the present British system in 
which “light units” mechanically inter- 
changeable with the “sealed - beam 
system” lamps are manufactured in metal 
and glass, sealed, except for an aperture at 
the rear into which is fitted a bulb suitable 
for the requirements of the market con- 
cerned, and provided with a flange 
soldered to its cap so as to position the 
filaments correctly. 

As will be seen from Fig. 14, this 
presents a considerable technical advance 
over previous practice and will ensure 
satisfactory performance over a_ long 
period whilst providing the flexibility of 
photometric performance so essential to 
an exporting industry. It is to be hoped 
that International Standardization of 
lighting requirements can be achieved 
quickly and that manufacturers can thus 
be relieved from the necessity of produc- 
ing equipment to fulfil such varied 
requirements as now exist. 

In order to deal with some foreign 
regulations, front lenses incorporating 
both flutes and prisms have been 
developed. The light emerging from the 
reflector in the form of a roughly parallel 
beam of light is divided by the front lens 
into more than a hundred separate 
elements, each one of which can be de- 
flected or spread horizontally, vertically, 
or both, as required. It is possible by this 
means to achieve much more accurate 
control and to provide, in addition, an 
asymmetrical light-distribution, which 
enables a lamp to be constructed to give 
not only improved anti-dazzle properties, 
but improved vision as well. 

A great deal of work has been done in 
many countries on the dazzle problem 
and has resulted in the development of 
four main and differing systems : — 

(1) The British “dip and switch” 
system, in which the offside lamp is 
extinguished and the nearside beam de- 
flected downwards and to the nearside 
when passing another vehicle. 

(2) The American system, in which 
both lamp beams are deflected down 
and to the nearside when passing. 

(3) The Continental system, in which 
both beams are deflected downwards 
when passing, the source of light of the 
“ passing beam” being a filament sub- 
stantially forward of the reflector focus 
and hooded so that only the top half of 
the reflector is illuminated and the light 
thrown downwards. 

_ (4) The proposed “Polaroid” system, 

in which a polarized filter is combined 

with the headlamp lens, and an 
analyser, polarized in a plane at right 
angles to the oncoming headlamp filter, 
is fitted in front of the oncoming driver; 


Two British Standards of interest to 

automobile engineers have re- 
cently been published. The first of 
these, B.S.857 : 1949, covers safety glass 
for land transport, and is a revision of 
an earlier standard modified in the 
light of improvements in the technique 
of the manufacture of safety glass since 


this reduces the 
bright glare of 
oncoming lamps, 
when both filter 
and analyser are 
correctly 
adjusted, to a 
mere purplish 
glow and pre- 
sents the best 
fundamental 
solution yet dis- 
covered (see Fig. 
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15). 

The British and 
American systems 
are similar in 
principle, although 
attaining the re- 
sults by different 
methods. Compared 
with the Conti- 
nental (European) 
system, the British 
and American sys- 
tems give more 
dazzle, but a much 
higher road bright- 
ness. In consequence, British and 
American drivers experience some dis- 
comfort but have good conditions of 
visibility, while the European driver has 
a higher degree of comfort but reduced 
visibility and therefore a lower degree of 
safety. 

The Polaroid system would permit 
good vision and complete freedom from 
dazzle provided that all cars encountered 
were so equipped. There are two main 
reasons why it has not been adopted so 
far. 

First, that for an interim period of 
several years only a proportion of cars 
could be so equipped, so that the con- 
fusion during this change-over period 
would be very great, particularly as cars 
with toughened glass windscreens would 
almost certainly need to have the screens 
replaced by a laminated glass not sub- 
ject to the strains, inherent in the tough- 
ened glass, which lead to depolarization. 

Secondly, the cost involved would be 
considerable, probably in the region of 
£20 per vehicle, owing largely to the 
increased electrical load which the 
polaroid system would involve. The 
light-transmitting efficiency of each 
polaroid filter is inherently only 50 per 
cent, and in practice will be somewhat 
less, say, 45 per cent. 

Light leaving the headlamp will pass 
through the filter, 45 per cent being pro- 
jected for illumination. Most of this is 
depolarized on illuminating the road and 
objects on or near the road. The de- 
polarized light, and some still polarized, 
is reflected back to the driver whose car 
is providing the illumination, and reaches 
the analyser screen which passes only 
light polarized in the same plane as the 
original filter, again about 45 per cent of 
that reaching the screen. It is, of course, 
necessary for all headlight filters to be 
similarly polarized. 


Fig. 15. 
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the 1939 issue. The price is 2s 6d. 

B.S.1599: 1949 is a new Standard 
covering the numbering of cylinders 
for internal-combustion engines. It 
specifies the manner of identifying 
cylinders of reciprocating engines with 
a view to securing greater uniformity. 
It defines the primary driving end, the 
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Principle of the Polaroid system. 


Thus, in order to achieve the same level 
of illumination as is now usual, it will 
be necessary to provide four to five times 
the normal filament wattage to cover the 
80 per cent reduction experienced after 
the light has passed through both the 
filter and the analyser. This would lead 
to a much bigger generator, battery, and 
cable circuit, etc., and, moreover, the cost 
of the filters themselves is high. It has 
to be determined whether the analyser is 
best fitted to the windscreen, in which case 
its efficiency is affected as its axis of 
polarization varies when the car sways 
or whether it is best incorporated into 
glasses worn by the driver. Both methods 
show obvious objections. 

It seems probable that developments in 
the immediate future are likely to follow 
the line of improvements to the second 
system in which both beams dip and are 
deflected to the nearside. The object of 
this would be to increase illumination 
without a corresponding increase in glare 
and this will need greater accuracy in bulb 
lenses and adjustment. 


Conclusion 


The need for compromise in develop- 
ment of automobile electrical equipment 
will be as obvious as it is in most other 
engineering fields and the need for equip- 
ment of a quality necessary to fulfil its 
task in all countries of the world and 
which is available at an economic price 
will remain whilst the automobile industry 
is an exporting one. 

This industry is very conscious of the 
part it has to play in the rebuilding of 
the British economy. It knows it must 
produce quality and quantity in the 
lowest practicable variety so as to give 
good service to oversea customers. 
To-day, the design engineer is as con- 
scious of this as the production engineer 
or the service manager. 


free or secondary driving end, and it 
determines a “bank” and a “row.” 
The numbering of cylinders in banks 
and the method of lettering in banks 
is specified. Copies, price 2s post free, 
may be obtained from the British Stan- 
dards Institution, 24, Victoria Street, 
London, S.W.1. (1885) 
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Bonded clutch plate 


Y this construction the moment of 

inertia of a driven clutch plate is re- 
duced, there is no discontinuity of the 
friction facings and no rivets are required. 
The plate consists of a pierced metal disc 
A from the periphery of which extend 
a plurality of radial arms B. A fibrous 
yarn or tape is wound concentrically 
and interlaced with the arms as shown 
diagrammatically at C. The yarn, of 
asbestos or cotton, may contain wire and 
either before or after winding may be 
impregnated with a bonding agent or 
adhesive. Annular facings D of any suit- 
able friction material are then bonded to 
both sides of the yarn winding. Alterna- 











No. 611823. 


tively the facings may be made by mould- 
ing mixtures of powders and cements. 
Patent No. 611823. Ferodo, Ltd., 
W. E. Shilton and W. Hall. 


Fabricated underframe 


A STRONG and rigid structure, it is 
claimed, can by this method be 
assembled from cheaply produced com- 
ponent elements. The longitudinal mem- 
bers arranged in parallel relationship 
consist of a central tunnel A and two out- 
wardly facing channel bearers B. These 
are joined, on each side of the tunnel, by 
a plurality of inverted dished plates C. The 
bottoms of these plates, stiffened by suit- 
able depressions D, constitute the floor 
proper of the vehicle. The longitudinal 
sides of the plate are welded directly to 
vertical portions of the tunnel and channel 
whilst the transverse sides are formed 
with horizontal flanges having down- 
turned margins in alignment with the 
longitudinal sides. These flanges on ad- 
jacent dished plates are overlapped and 
welded, leaving in effect an upwardly 
facing channel section transverse bearer 
which may be closed by a cover strip E. 
The outer edge of this strip overlies the 
channel while the inner edge is flanged 
up and welded to the side of the tunnel. 
Patent No. 612285. Pressed Steel Co., 
Ltd., and L. R. Morphew. 
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Self-adjusting tappet 
‘THs valve tappet comprises a lower 
cylinder A with a hardened face 
riding on the cam and a hollow piston B 
closed by a hardened cap which abuts the 
valve stem. A suitable relatively incom- 
pressible fluid fills the cylinder and a re- 
servoir formed by a resilient sac C is 
carried in the hollow piston. This sac is 
under the constraint of a spring D located 
between the piston cap and a pressure 
plate seating on the top of the sac. Com- 
munication between the cylinder and the 
reservoir is by means of a metered orifice 
in the head of the piston. For precision 
and ease of production a relatively large 
hole in the piston head is partly closed by 
a cylindrical plug E, along the side of 
which a flat has been. ground, in order to 
leave a small orifice of the desired cross- 
sectional area. 

The piston may be sealed in the 
cylinder by means of a ring F of rubber 
or synthetic compound or, as shown in an 
alternative arrangement, by means of a 
continuous sac G having a beaded mouth 
adapted to snap into an angular groove 
formed in the reduced end of the piston. 
Patent No. 612340. The Weatherhead 
Co. (U.S.A.). 





Twin wheel assembly 


‘THE object of this invention is to facili- 
tate the mounting and dismounting 
of small diameter wheels in twin relation. 
Inner and outer wheels are similar and 
each comprises two rim members A con- 
nected together at their annular webs B. 
These webs are formed with four radially- 
inward projections C equally spaced 
round the inner circumference. In each 
projection two holes are provided to re- 
ceive attachment studs on the hub flanges. 

The hub has an outer flange D formed 
with four radially-outward arms. Thus 
the inner wheel can be threaded over the 
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hub, the arms of the wheel flange passing 
between the arms of the hub flange, and 
seated on the hub inner flange E which 
also supports brake drum F. The outer 
wheel can then be attached directly to 
the outer hub flange. A cover plate G 
encloses the end of the hub. Patent No. 
612569. Ff. L. B. Crane, Cranes, Ltd., 
and A. Rallison. 
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Rubber suspension spring 


FOR an independent wheel suspension 
system of the wishbone type a rubber 
column spring possessing inherent damp- 
ing characteristics is proposed. The tele- 
scoping spring consists of a column of 
rubber rings A arranged in series about a 
tubular guide member B, the lower end 
of which is furnished with an eye for 
pivotal mounting on a bracket near the 
outer end of the lower wishbone. Pre- 
ferably the eye is fitted with a rubber 
bushing. The upper end of the guide 
member slides through a bushing carried 
by an abutment step C on the vehicle 
framing. This bushing is carried in a 
spherical mounting and not in a cylindri- 
cal mounting as shown in the section. 
Between the rubber rings are separating 
plates D, each formed with a central bush 
riding on the guide member and circular 
ribs engaging recesses in the rubber rings 
to maintain concentricity. 

Above the abutment the guide member 
carries one or more rubber rings to 
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function as a rebound snubber and limit 
stop. The guide member may be hard 
chromium plated to provide a satisfactory 
wearing surface for the separating plates 
which may be of plastic material. A dust 
cover E may be fitted to enclose the tele- 
scoping end of the guide member. 
Patent No. 612701. George Spencer 
Moulton & Co., Ltd., and A. E. Moulton. 


Diesel engine pistons 


F-FFICIENT operation and a reduction 
of wear on both cylinder liner and 
the rings are claimed to result from the 
provision of “depressor” grooves in the 
top land of the piston. A plurality of 
shallow circumferential grooves A, closely 
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pitched, machined in the top land forms 
a series of voids which tends to reduce the 
pressure of the gases passing between the 
piston and the cylinder wall or liner and 
in so doing to lower the temperature. 
Under working conditions the grooves 
become filled with carbonaceous matter 
which builds up in the grooves and ulti- 
mately forms a series of ridges, as at 
B. These ridges in turn result in the 
formation of intermediate voids over the 
narrow lands C between the depressor 
grooves. 

In the example illustrated, which gave 
satisfactory operation, the depressor 
grooves were approximately 0.016in deep, 
0.032in wide and pitched at intervals of 
0.125in. A graphite insert, of the same 
diameter as the piston, may with advan- 
tage be moulded in one or more of the 
lower depressor grooves, as indicated at 
D. Patent No. 612966. The Cement 
Marketing Co., Ltd., and }. Keeling. 


Wheel and brake assembly 


IFFERING from the conventional 
arrangement, the brake drum in this 
assembly is mounted outside the wheel. 
The brake mechanism is completely en- 
closed and sealed against the ingress of 
water or dirt but is readily accessible with- 
out removing the wheel or jacking up the 
axle. The construction is applicable to 
either front or rear wheels and the 
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example shows a dirigible driving wheel. 

From the axle shaft the drive is trans- 
mitted to the wheel shaft A by a universal 
joint enclosed in casing B arranged to 
pivot about axis C for the purpose of 
steering in the usual manner. A non- 
rotatable axle sleeve D is bolted to casing 
B and supports the wheel hub E mounted 
on roller bearings. Slidably splined on the 
end of the wheel shaft is a coupling disc 
F which transmits the drive through the 
brake drum assembly which is bolted to 
the wheel hub. A detachable wheel G 
carrying a rim H is bolted to the flange 
of the wheel hub. The brake anchor plate 
J supporting the brake shoes is secured by 
bolts to the end of axle sleeve D. 

Sealing rings K are provided at each 
end of the hub and an engaging tongue- 
and-groove configuration on parts D and 
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E forms a tortuous part tending to prevent 
the entry of foreign matter. Brake shoes 
are expanded by hydraulic operation, the 
necessary connection being established 
through passages L drilled in the axle 
sleeve. Patent No. 613340. General 
Motors Corp. (U.S.A.). 


Anti-rolling suspension 
N this suspension system, intended 
particularly for non-driving wheels 
whether at the front or rear of the vehicle, 
the torsional property of the axle is em- 
ployed to exert an anti-rolling action. For 
the rear axle illustrated, the suspension 
proper is constituted by arms A connected 
to the chassis by torsion tubes B and 
torsion rods C in the manner described 
in an earlier Patent, No. 602065. In con- 
junction with these arms an irregular 
quadrilateral linkage tends to produce a 
twisting of the axle about its axis as the 
wheel is vertically displaced. Suitable 
proportioning of the linkage ensures that 
the amplitude of the torsional deflection 
of the axle increases rapidly relative to the 
vertical displacement of the wheel. Thus 
the anti-rolling effort increases progres- 
sively with continued wheel displacement. 
The construction shown as a non- 
limiting example has arms A and links D 
pivotally attached to brackets E rigid with 
the tubular axle F. Links D pivot from a 
framing G bolted to the main vehicle 
frame and frictional or other damping de- 
vices may be incorporated. Lateral 
stability of the axle is ensured by a trans- 
verse rod H lying substantially parallel 
to the axle and pivoting from a suspension 
point J on the framing G. Patent No. 
613043. M. F. A. Fulien (France). 





